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WHO classification of tumours of the kidney 


Renal cell tumours 

Clear cell renal cell carcinoma 

Multilocular cystic renal neoplasm of low 
malignant potential 

Papillary renal cell carcinoma 

Hereditary leiomyomatosis and renal cell 
carcinoma-associated renal cell carcinoma 

Chromophobe renal cell carcinoma 

Collecting duct carcinoma 

Renal medullary carcinoma 

MiT family translocation renal cell carcinomas 

Succinate dehydrogenase-deficient 
renal cell carcinoma 

Mucinous tubular and spindle cell carcinoma 

Tubulocystic renal cell carcinoma 

Acquired cystic disease—associated renal 
cell carcinoma 

Clear cell papillary renal cell carcinoma 

Renal cell carcinoma, unclassified 

Papillary adenoma 

Oncocytoma 


Metanephric tumours 
Metanephric adenoma 
Metanephric adenofibroma 
Metanephric stromal tumour 


Nephroblastic and cystic tumours occurring 
mainly in children 

Nephrogenic rests 

Nephroblastoma 

Cystic partially differentiated nephroblastoma 

Paediatric cystic nephroma 


Mesenchymal tumours 


8310/3 


8316/1* 
8260/3 


8311/3* 
8317/3 
8319/3 
8510/3* 
8311/3* 


8480/3* 
8316/3* 


8316/3 
8323/1 
8312/3 
8260/0 
8290/0 


8325/0 
9013/0 
8935/1 


8960/3 
8959/1 
8959/0 


Mesenchymal tumours occurring mainly in children 


Clear cell sarcoma 

Rhabdoid tumour 

Congenital mesoblastic nephroma 
Ossifying renal tumour of infancy 


8964/3 
8963/3 
8960/1 
8967/0 


Mesenchymal tumours occurring mainly in adults 


Leiomyosarcoma 
Angiosarcoma 
Rhabdomyosarcoma 
Osteosarcoma 

Synovial sarcoma 

Ewing sarcoma 
Angiomyolipoma 

Epithelioid angiomyolipoma 
Leiomyoma 

Haemangioma 
Lymphangioma 
Haemangioblastoma 
Juxtaglomerular cell tumour 
Renomedullary interstitial cell tumour 
Schwannoma 

Solitary fibrous tumour 


Mixed epithelial and stromal tumour family 
Adult cystic nephroma 
Mixed epithelial and stromal tumour 


Neuroendocrine tumours 
Well-differentiated neuroendocrine tumour 
Large cell neuroendocrine carcinoma 
Small cell neuroendocrine carcinoma 
Paraganglioma 


Miscellaneous tumours 
Renal haematopoietic neoplasms 
Germ cell tumours 


Metastatic tumours 


8890/3 
9120/3 
8900/3 
9180/3 
9040/3 
9364/3 
8860/0 
8860/1* 
8890/0 
9120/0 
9170/0 
9161/1 
8361/0 
8966/0 
9560/0 
8815/1 


8959/0 
8959/0 


8240/3 
8013/3 
8041/3 
8700/0 


The morphology codes are from the International Classification of Diseases 
for Oncology (ICD-O) {917A}. Behaviour is coded /0 for benign tumours; 


/1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in 


situ and grade III intraepithelial neoplasia; and /3 for malignant tumours. 
The classification is modified from the previous WHO classification {756A}, 
taking into account changes in our understanding of these lesions 


“New code approved by the IARC/WHO Committee for ICD-O. 


TNM classification of renal cell carcinoma 


TNM classification?” 


T — Primary tumour 


TX 
TO 
T 
Tia 
T1b 
12 


T2a 


T2b 
T3 


T3a 


T3b 


T3c 


T4 


Primary tumour cannot be assessed 
No evidence of primary tumour 
Tumour < 7 cm in greatest dimension, limited to the kidney 
Tumour < 4 cm 
Tumour > 4 cm but < 7 cm 
Tumour > 7 cm in greatest dimension, limited to 
the kidney 
Tumour > 7 cm but < 10 cm 
Tumour > 10 cm 
Tumour extends into major veins or perinephric tissues 
but not into the ipsilateral adrenal gland and not beyond 
the Gerota fascia 
Tumour grossly extends into the renal vein or its 
segmental (muscle-containing) branches, or tumour 
invades perirenal and/or renal sinus fat but not 
beyond Gerota fascia 
Tumour grossly extends into the vena cava below 
the diaphragm 
Tumour grossly extends into the vena cava above the 
diaphragm or invades the wall of the vena cava 
Tumour invades beyond the Gerota fascia (including 
contiguous extension into the ipsilateral adrenal gland) 


N - Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 


M - Distant metastasis 
MO No distant metastasis 
M1 Distant metastasis 


Stage grouping 

Stage | Wl NO MO 

Stage ll T2 NO MO 

Stage Ill 11-2 N1 MO 
T3 AnyN MO 

Stage lV T4 AnyN MO 
Any T AnyN Mi 


aAdapted from Edge et al, {759} — used with permission of the American 
Joint Committee on Cancer (AJCC), Chicago, Illinois; the origina! and prima- 
ry source for this information is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science+Business Media — and Sobin 
et al. (2558A)}. 

ÞA help desk for specific questions about TNM classification is available at 
http:/Avww.uicc.org/resources/tnm/helpdesk 


TNM 


13 


Renal cell tumours 
Introduction 


Epidemiology 


Incidence and mortality rates have 
been increasing in many countries, 
across different levels of socioeconomic 
development. 


Incidence 

Kidney cancer was the ninth most com- 
mon cancer in men (214 000 cases) and 
the 14th most common in women (124 000 
cases) worldwide in 2012. Approximately 
70% of the new cases occurred in coun- 
tries with high and very high levels of so- 
cioeconomic development, with 34% of 
the estimated new cases in Europe and 
19% in North America. Renal cell carci- 
noma is more common in men than in 
women (approximately 2:1) and is rare in 
children. The highest incidence rates are 
found in the Czech Republic. Elevated 
rates are also found in northern and east- 
ern Europe, North America, and Australia. 
Low rates are estimated in much of Africa 
and eastern Asia. 


Mortality 
There were an estimated 143 000 deaths 
from kidney cancer in 2012 (91 000 in 
men, 52 000 in women): kidney cancer 
is the 16th most common cause of death 
from cancer worldwide, The case fatality 
rate is lower in highly developed coun- 
tries (overall mortality-to-incidence ratio: 
0.4) than in countries with low or medium 
levels of socioeconomic development 
` (0.5). Only 3.1% of the cases were diag- 
nosed in Africa, but 5.7% of the deaths 
occurred in this region. 


Etiology 


Obesity 

There is convincing evidence that body 
fatness is a cause of kidney cancer. Be- 
ing overweight, especially being obese, 
is a risk factor for renal cancer in both 
women and men {1681A}. The propor- 
tion of all cases of renal cancer attrib- 
utable to overweight and obesity has 
been estimated to be about 40% in the 
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USA and up to 40% in European coun- 
tries (2295A,2295B}. The mechanisms 
by which obesity influences renal car- 
cinogenesis are unclear. Sex steroid hor- 
mones may affect renal cell proliferation 
by direct endocrine receptor—-mediated 
effects. Obesity with the combined en- 
docrine disorders, such as decreased 
levels of sex hormone-binding globulin 


ASR (world) incidence women 


Moch H. Martignoni G. 

Amin MB. Medeiros L.J. 
Argani P. Srigley J.R. 
Cheville J. Tan P.H. 

Delahunt B. Tickoo S.K. 

and progesterone, insulin resistance, 


and increased levels of growth factors 
such as IGF1, may contribute to renal 
carcinogenesis. 

Prospective studies from North America 
and Europe found no association be- 
tween intakes of red meat, processed 
meat, poultry, or seafood and renal cell 
carcinoma risk {1611A,1611B}. 


0 2 4 6 8 10 
Fig. 1.01 Global distribution of estimated age-standardized (world) incidence rates (ASRs) per 100 000 population, for 
kidney cancer in men and women, 2012. From Cancer Incidence in Five Continents {848}. 


Smoking 

Meta-analyses indicate that ever-smoking 
increases the risk of renal cancer com- 
pared with never-smoking (508A, 1258A}. 
There is also a dose-dependent increase 
in risk related to the number of cigarettes 
smoked per day. Risk decreases in the 
5-year period after smoking cessation. 
Epidemiological data on kidney cancer 
causation by smoking are often biased 
since cancer registries do not typically 
differentiate between renal cell carci- 
nomas and urothelial carcinomas of the 
renal pelvis. For the latter, smoking is a 
significant risk factor. 


Hypertension 

Hypertension or its treatment has been 
associated with risk of renal cancer 
{2939A}. Use of hypertensive medica- 
tion, including diuretics, has been as- 
sociated with an elevated risk. The asso- 
ciations between risk of renal cancer and 
hypertension are independent of obesity. 


Acquired cystic kidney disease 

This condition usually develops in pa- 
tients on long-term haemodialysis due to 
end-stage renal disease. The incidence 
of renal cancer is reported to be mark- 
edly increased in patients with end-stage 


Table 1.01 Features of hereditary renal cell tumours 


Von Hippel-Lindau 


syndrome we uel 


Heredi ab Aa 
(p31 
4 

Hereditary leiomyomatosis 
and renal cell carcinoma 


1942 FH 


Carcino 


Hyperparathyroidism— 
jaw tumour syndrome 


Tuberous sclerosis 


1925 HRPT2 


disease (3-7%) {691}. Renal cancer oc- 
curring in end-stage renal disease has 
specific characteristics different from 
those of classic renal cancer. Papillary 
renal cell carcinoma was believed to be 
the most common subtype in end-stage 
renal disease. Currently, renal cancer 
associated with acquired cystic kidney 
disease is regarded as its own histologi- 
cal subtype, but all other subtypes (clear 
cell, papillary, and chromophobe renal 
cell cancer) also occur in cystic and non- 
cystic end-stage kidneys. 


Occupational exposure 

Trichloroethylene is a solvent that has 
been widely used as a metal degreaser 
and chemical additive {1410A). A meta- 
analysis of the association between ex- 
posure to trichloroethylene and clear cell 
renal cancer reported significant relative 
risks of kidney cancer: 1.3 overall and 1.6 
for high-exposure groups {2458A}. The In- 
ternational Agency for Research on Can- 
cer (IARC) has classified trichloroethylene 
as Group 1 (carcinogenic to humans) on 
the basis of causing kidney cancer. 


It is unlikely that coffee has a substantial ef- 
fect, or that alcoholic drinks have an adverse 
effect, on the risk of this cancer {2982A}. 


von y Multiple, bilateral clear cel 
"pp renal cell carcinoma; renal 
Lindau 
5 cysts 
protein 
Fumarate Papillary renal cell leiomyoma 
hydratase carcinoma (non-type 1) 


Mixed epithelial and stromal 


Para- tumours, papillary renal cell 
fibromin SR 
carcinoma 


Multiple, bilateral 


Hamartin 
Tuberin 


angiomyolipomas; 
lymphangioleiomyomatosis; 
rare renal cell carcinomas 


Angiofibroma, 
subungual fibroma 


Genetic susceptibility 


Although most renal carcinomas are 
sporadic. 2-4% have a familial cause. 
Several genetic diseases are associated 
with renalcancer {756A}. The risk of renal 
cancer for a first-degree relative of a pa- 
tient with renal Cancer is approximately 
double. Each ol the common histological 
subtypes of renal cancer has a corre- 
sponding familial cancer syndrome. 


Basis of nomenclature for 
the histological classification 


In the United States Armed Forces Insti- 
tute of Pathology (AFIP) Atlas of Tumour 
Pathology, Second Series fascicle on 
tumours of the kidney, rena! pelvis, and 
ureter, published in 1975, the histological 
diversity of renal cell carcinoma (RCC) 
was acknowledged merely with the state- 
ment “renal adenocarcinoma has many 
faces”, and accompanying microscopic 
descriptions classified the tumours into 
two major categories: clear cell carci- 
noma and granular cell carcinoma. In the 
four decades since that fascicle was pub- 
lished, there has been unprecedented 
interest in the morphological subtypes of 


Haemangioblastoma of the retina 

and central nervous system; 
phaeochromocytoma; pancreatic and renal 
cysts; neuroendocrine tumours; epididymal 
and parametrial cysts; tumours of the inner 
ear 


Uterine leiomyoma/leiomyosarcoma 


Parathyroid tumours; fibro-osseous jaw 
tumours 


Cardiac rhabdomyoma; adenomatous small 
intestine polyps; pulmonary and renal cysts, 
cortical tuber; subependymal giant cell 
astrocytomas 


roddi Hon 15 


, 


Table 1.02 Features of emerging/provisional renal cell carcinomas 


"+ Increased incidence of renal cell 
carcinoma among neuroblastoma 


survivors 
Oncocytic renal cell carcinoma 
occurring after neuroblastoma 
carcinomas 


* Heterogeneous group, with some MiT 
family translocation renal cell 


“e Solid, cystic, and papillary 


* One distinct oncocytic group with or 
without exposure to chemotherapy 


ALK rearrangement-associated 
renal cell carcinoma 


adult renal epithelial neoplasia. Over the 
years, unique morphological subtypes 
have been described, each with charac- 
teristic histological features and unique 
immunoprofiles, and in many cases with 
distinctive molecular alterations. As more 
data were reported from large institu- 
tional series, it became clear that the his- 
tological subtyping of renal tumours has 
prognostic significance, As experience 
with, and understanding of, the molecu- 
lar underpinnings of kidney cancer have 
increased further, it has also become evi- 
dent that many of the subtypes of RCC 
„have predictive significance for unique 
‘therapeutic approaches. 

As the histological classification of RCC 
has developed, the terminology used for 
designating its subtypes has referred to 
various descriptive or characteristic fea- 
tures. Subtypes have been named on the 
basis of predominant cytoplasmic fea- 
tures and staining characteristics (e.g. 
clear cell and chromophobe RCCs), ar- 
chitectural features (e.g. papillary RCC), 
cell type (e.g. renal oncocytoma), and 
combinations ofthese features (e.g. clear 
cell papillary RCC). Other approaches to 
naming renal tumours have been based 
on their resemblance to embryological 
structures — such as the metanephros 
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* Rare (< 10 cases reported) 
+ 3 distinct cases with ALK-vinculin fusion 
in children with sickle cell trait 


hyro 


For paediatric cases: 

* Medullary location 

+ Large polygonal/spindle cells 

* Eosinophilic cytoplasm with 
intracytoplasmic lumina 


* Oncocytic cells with vacuoles and calcification 
* No distinctive immunohistochemistry 


*No molecular marker” Limited follow-up 


* VCL-ALK gene fusion ° Limited follow-up 


(e.g. metanephric adenoma), the ana- 
tomical location of the tumours (e.g. col- 
lecting duct and renal medullary carcino- 
mas), and a correlation with background 
renal disease (e.g. acquired cystic dis- 
ease-associated RCC). Names referring 
to molecular alterations that are pathog- 
nomonic for RCC subtypes have also 
been used (e.g. MiT family translocation 
carcinomas and succinate dehydroge- 
nase-—deficient renal carcinoma). Familial 
predisposition has also been denoted 
(e.g. hereditary leiomyomatosis and 
RCC-associated RCC). The 2016 WHO 
classification of tumours of the kidney is 
summarized in the table at the beginning 
of this chapter, and the distinguishing 
features of the various hereditary renal 
cell tumours are summarized in Table 
1.0%, 


Emerging/provisional 
renal cell carcinomas 


The 2013 International Society of Uro- 
logical Pathology (ISUP) Vancouver 
Classification of [adult] Renal Neoplasia 
identified a category of emerging or pro- 
visional new entities {2590}. The classifi- 
cation noted that although these entities 


appeared to be distinct, these rare tu- 
mours were not yet fully characterized by 
morphology, immunchistochemistry, and 
molecular studies, and further reports 
were needed to refine their diagnostic 
criteria and establish clinical outcomes. 
Succinate dehydrogenase-deficient re- 
nal carcinoma was included in the cat- 
egory of emerging entities in the Vancou- 
ver classification but is now considered 
to be an established entity on the basis of 
recent publications {982,2961}. 

Renal cell carcinoma (RCC) in neuro- 
blastoma survivors was included in the 
2004 WHO classification, but it is now 
recognized that the tumours discussed in 
that publication are in fact quite diverse 
{884,1858,2967}. There is an increased 
incidence of RCC among survivors of 
childhood neuroblastoma. Some report- 
ed cases have proven to be MiT family 
translocation RCCs {67,1148) and oth- 
ers are difficult to classify based on the 
published pathological details and im- 
ages. Nevertheless, there appears to be 
a distinct oncocytic variant, which for the 
purpose of this publication is considered 
an emerging/provisional entity, given the 
lack of distinctive immunohistochemical 
or molecular markers {1858}. 


Table 1.03 WHO / International Society of Urological 
Pathology (ISUP) grading system for clear cell renal cell 
carcinoma and papillary renal cell carcinoma {677} 


Nucleoli are absent or inconspicuous and 
basophilic at 400 magnification. 


Grade 1 


Nucleoli are conspicuous and eosinophilic 
at x100 magnification. 


Grade 3 


Fewer than 20 thyroid-like follicular RCCs 
have been described. Although these 
tumours are histologically distinctive, re- 
sembling thyroid parenchyma, they have 
no characteristic immunohistochemical 
or molecular markers (81A,516A)}. Impor- 
tantly, the thyroid markers thyroid tran- 
scription factor 1 and thyroglobulin are 
negative. Most of these tumours have ex- 
hibited indolent behaviour, although rare 
examples with lymph node and lung me- 
tastases have been described {516A}. 

Fewer than 10 RCCs associated with 
ALK gene rearrangements have been 
reported in the literature {2551A}. Three 
distinct examples showing fusion of ALK 
and the cytoskeletal protein vinculin have 
involved children with sickle cell trait 
(667A,1787B,2551A}. These medullary- 
based tumours consist of large polygo- 
nal and spindle cells with eosinophilic 
cytoplasm and intracytoplasmic lumina. 
Unlike in renal medullary carcinoma, 
the Ki-67 proliferation index is relatively 
low, and SMARCB1 (also called INI1) 
protein expression is intact {516A}. 
In recent years, reports of RCC associat- 
ed with prominent (angio)lieiomyomatous 
stroma have been published {1532A, 


2485A 2960A|. Authors have used the 
term ‘renal angiomyoadenomatous tu- 
mour” (1890|. Some of these turnours are 
varlants of Clear call REC or clear cell 
papillary RCC, but there also appears to 
be a distinct subgroup with characteristic 
morphological features. These tumours 
occur sporadically and some have been 
associated with tuberous sclerosis {1086, 
1874A}. The neoplasms have branch- 
ing tubules and papillae lined by clear 
and granular cells surrounded by abun- 
dant vascular and smooth muscle stro- 
ma {2960A}. The epithelial component 
stains positively for CK7 and CD10 and 
negatively for racemase. The tumours 
do not show 3p deletions or trisomy 7 or 
17 {2960A}. A recent report associated 
TCEB1 gene mutations with this distinc- 
tive RCC morphotype {1099A}. 

In summary, oncocytic RCC occurring 
after neuroblastoma, thyroid-like follicu- 
lar RCC, ALK rearrangement—associated 
RCC, and renal carcinoma with (angio) 
leiomyomatous stroma are currently in- 
cluded in the emerging entities category 
(Table 1.02). 


Grading 


A variety of grading systems have been 
proposed for renal cell neoplasia; how- 
ever, these have not been validated for 
many of the morphotypes of renal cell 
carcinoma that have been recently de- 
scribed. Of the numerous grading clas- 
sifications that have been proposed, that 
of Fuhrman et al. {929A} is most widely 
used. However, there are problems 
with the interpretation, validation, and 
reproducibility of the Fuhrman system, 
and for these reasons, the four-tiered 
WHO / International Society of Urologi- 
cal Pathology (ISUP) grading system 


2 a 


should be used insiead {677,679,684} 
For grade 1-3 tumours, this system de- 
fines tumour grade on the basis of nu- 
Cleolar praminence Grade 4 is defined 
by the presence of pronounced nuclear 
pleomorphism, tumour quant cels, and/ 
or rhabdoid and/or sarcomatoid differ- 
entiation (Table 1.03). Grade should be 
assigned on the basis ol these crilerla 
within the single high-power field show- 
Ing the greatest degree of nuclear pleo- 
morphism, This grading system has been 
validated as an inclicator of prognosis for 
clear cell renal cell carcinoma and papil- 
lary renal cell carcinoma Although il has 
not yel been validated as a prognostie 
marker for other morphotypes of renal 
cell neoplasia (due primarily to Ihe small 
numbers of reported cases), the system 
can be used to describe the morpliologi- 
Cal features of these tumours. 


Staging 


The 2010 TNM staging system has two 
categories for renal-limited tumours 
(pT1a/b and pT2a/b), differentiated by 
tumour size. Regional spread (pT3) in- 
cludes spread to peripheral perinephric 
fat and central sinus fat invasion (pT3a): 
venous invasion, including renal sinus 
and renal vein invasion (pT3a); extension 
into the inferior vena cava below the dia- 
phragm (pT3b); and extension into the 
inferior vena cava above the diaphragm 
(pT3c). Distant spread (pT4) includes di- 
rect extension into the adrenal gland and 
invasion of the Gerota fascia. Surgical 
specimens should be carefully examined 
for renal sinus invasion (i.e. infiltration of 
renal sinus fat or loose connective tis- 
sue) and endothelial-lined large vascular 
spaces within the renal sinus {2745]. 


Clear cell renal cell carcinoma 


Definition 

Clear cell renal cell carcinoma (ccRCC) 
is a morphologically heterogeneous 
group of malignant neoplasms com- 
posed of cells with clear or eosinophilic 
cytoplasm. These neoplasms have typi- 
cal vessel formation and a characteristic 
molecular background, with inactivation 
of VHL and upregulation of hypoxia-in- 
ducible factor. 
ICD-O code 8310/3 
Synonyms 

Obsolete: renal clear cell adenocarcino- 
ma; Grawitz tumour; hypernephroma 


Epidemiology 
ccRCC accounts for 65-70% of all renal 
cancers. 


Etiology 

ccRCCs occur sporadically, and some 
studies have shown associations with 
causative agents (see the /ntroduction 
section at the beginning of this chapter, 
p. 14). Rarely, these tumours may also 
occur in various familial settings. 


Clinical features 

About 60-80% of kidney cancers are 
found incidentally on ultrasound, CT, or 
MRI. The most common symptoms of kid- 
ney cancer (in symptomatic cases) are 
haematuria and flank pain. Weight loss 
and fever occur in late stages. 
Metastasis. ccRCCs most commonly me- 
tastasize haematogenously via renal si- 
nus veins, renal veins, and venae cavae, 


leading to the development of pulmonary 
metastases {302,303,1211,2011). Exten- 
sion into the lumbar veins from the renal 
veins facilitates spread to the low-pressure 
paravertebral venous plexus (which con- 
nects to the dural venous sinuses) supe- 
riorly and the pelvic veins inferiorly, facili- 
tating central nervous system, head and 
neck, and central and peripheral osseous 
metastasis {2148}. Lymphatic metastases 
can involve hilar, aortic, and caval lymph 
nodes, and can enter the thoracic duct or 
involve thoracic nodes directly. These di- 
verse metastatic pathways enable ccRCC 
to metastasize to unusual sites (2943, 
2991}. 


Localization 

ccRCCs are typically solitary cortical tu- 
mours that occur equally commonly in 
both kidneys. Multifocality and/or bilat- 
erality occur in less than 5% of cases. 
Multifocality, bilaterality, and early age 
of onset are typical of hereditary cancer 
syndromes such as von Hippel—Lindau 
syndrome {2026}. 


Macroscopy 

These carcinomas are typically globular 
tumours protruding from the renal cor- 
tex. The border with the kidney is usually 
sharp, with a pSeudocapsule. Diffuse in- 
filtration of the kidney is uncommon. The 
carcinomas may be very large, but the 
detection of small lesions is increasing in 
countries where radiological procedures 
are widely used. Renal sinus and renal 
vein involvement may be seen, particu- 
larly with large tumours. ccRCCs are 


Fig. 1.02 A Left-sided clearcell renal cell carcinoma. Arterial-phase contrast-enhanced MRI. B Bilateral clear cell renal 
cell carcinoma. Arterial-phase contrast-enhanced MRI. 
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haematogenous metastasis in patients with metastatic 
renal cell carcinoma (n = 636) at autopsy {2991}. 


typically golden yellow, due to the high 
lipid content of their cells. Cysts, necro- 
sis, and haemorrhage are common, Cal- 
cification and ossification may occur. 


Histopathology 

ccRCC is architecturally diverse, with 
solid alveolar and acinar patterns being 
most common. The carcinomas typically 
contain a regular network of small, thin- 
walled blood vessels, a diagnostically 
helpful characteristic of this tumour. No 
lumina are apparent in the alveolar pat- 
tern, whereas a central rounded luminal 
space filled with acidophilic serous fluid 
or erythrocytes is present in the acinar 
pattern. The alveolar and acinar struc- 
tures may dilate, producing microcystic 
and macrocystic patterns. Uncommonly, 
ccRCC has a distinct tubular pattern, and 
(rarely) pseudopapillary architecture is 
focally present. 
The cytoplasm is commonly filled with li- 
pids and glycogen, which are dissolved 
by routine histological processing, cre- 
ating a clear cytoplasm surrounded by 
distinct cell membranes. Many ccRCCs 
Contain cells with eosinophilic cytoplasm 
This iS particularly common In high-grade 
lumours an@ adjacent to areas of necro- 
sis Or haemorrhage. 
In well-preserved preparations, the nu- 
clei tend to be round with evenly dis- 
tributed chromatin. Depending on the 
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Fig. 1.04 A Small cortical clear cell renal cell carcinoma (ccRCC) at the upper pole of the kidney with penetration of the capsule but without infiltration of neighbouring organs. Stage 
pT1, B Large ccRCC, well demarcated with yellowish areas reflecting high lipid content. C Typical cross-section of yellowish, spherical neoplasm in the upper pole of the kidney. 
Note the tumour in the dilated thrombosed renal vein (arrow). In addition, there is a benign renal angiomyolipoma in the lower pole with a characteristic yellow cut surface due to fat 
cells (asterisk), 


grade, nucleoli may be inconspicuous 
and small or large and prominent. Bi- 
zarre nuclei or very large nuclei lacking 
nucleoli may occasionally be present. A 
host of unusual histological findings have 
been described in ccRCC. Sarcomatoid 
and rhabdoid changes each occur in 
about 5% of tumours and are associated 
with worse prognosis {656}. Some tu- 
mours have central areas of fibromyxoid 
stroma, areas of calcification, or areas 
of ossification. Most ccRCCs are asso- 
ciated with little inflammatory response; 
uncommonly, an intensely lymphocytic or 
neutrophilic infiltrate is present. 


Urological Pathology [ISUP] grade 3). 


/mmunophenotyoe 

PAX8, a 48 kDa transcription factor, is 
expressed in a nuclear distribution in 
virtually all ccRCCs, as well as in other 
renal epithelial neoplasms {2411,2413}. 
PAX2 is present in a similar distribution 
as PAX8, but PAX8 is a more sensitive 
marker {1743,2107,2504}. Carbonic an- 
hydrase IX has a role in carbon dioxide 
transport and in pH regulation. It is char- 
acteristically overexpressed in a diffuse 
membranous distribution in 75-100% of 
ccRCCs, although high-grade tumours 
may exhibit reduced expression {36,959, 
1089,2301,2620}. The complete cyto- 
plasmic membrane carbonic anhydrase 


IX staining pattern of ccRCC differs from 
the basolateral positivity observed in 
clear cell papillary renal cell carcinoma 
(RCC) {2675}. ccRCC expresses epi- 
thelial markers such as cytokeratin AE1/ 
AE3, CAM5.2, and epithelial membrane 
antigen. CK7 expression is rare and lim- 
ited to isolated cells or clusters of cells 
in high-grade tumours {2301 ,2509,2675} 
and tumours with cystic components. 
CK7 is often used to distinguish ccRCC 
from chromophobe RCC, which dem- 
onstrates diffuse CK7 positivity {2675}. 
CD10, a proximal tubule marker, is posi- 
tive in ccRCC, in a membranous dis- 
tribution {326}. However, at least focal 
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Fig. 1.06 Sporadic clear cell renal cell c carcinoma with typical alveolar arrangement of cells. 


immunoreactivity may be seen in other 
tumours. Vimentin is positive in ccRCC, 
more intensely in high-grade areas 
{1920}. RCC marker is a monoclonal an- 
tibody directed against a 200 kDa glyco- 
protein in the brush border of the proxi- 
mal renal tubules. It exhibits cytoplasmic 
and membranous immunoreactivity in 
72-84% of ccRCCs, but immunoreactiv- 
ity can also be seen in other renal tumour 
types and non-renal neoplasms (177, 
1279,1839). 


Genetic profile 

The VHL tumour suppressor gene was in- 
itially identified (by positional cloning) as 
the 3p25-26 gene that is altered in fami- 
lies with the von Hippel-Lindau familial 
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cancer syndrome {1593}. VHL was also 
shown to be biallelically genetically al- 
tered in the majority of sporadic ccRCCs 
{1001}. The VHL gene is epigenetically 
silenced by promoter region methylation 
in as many as 20% of cases (390,1176}. 
The protein encoded by the VHL gene, 
von Hippel-Lindau protein, acts as an 
adaptor protein to recruit various effector 
proteins to target proteins. These target 
proteins include HIFa, which is a tran- 
scription factor for oxygen-dependent 
ubiquitin-mediated proteolytic degrada- 
tion {1354}. 

A large number of different somatic VHL 
mutations have been identified in sporad- 
ic and hereditary ccRCC, with a variety of 
effects on the various activities of the von 


Fig. 1.07 PAX8 immunohistochemistry in a renal cell 
carcinoma. 


Hippel—Lindau protein {2289}. It appears 
that the loss of von Hippel—Lindau pro- 
tein function contributes to tumour initia- 
tion, progression, and metastasis {2596}. 
Recent large-scale genomic sequencing 
studies have demonstrated that the 3p 
locus harbours at least four additional 
ccRCC tumour suppressor genes: the 
histone 3 lysine demethylase genes KD- 
MGA (also called UTX) and KDMSC (also 
called JARID1C), the histone 3 lysine 
methyltransferase gene SETD2, and the 
SWI/SNF chromatin remodelling complex 
gene PBRM1. ccRCCs also harbour loss- 
of-function mutations in the BAP1 gene, 
which plays a role in chromatin remodel- 
ling. BAPi-mutant tumours are typically 
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Fig. 1.08 Clear cell renal cell carcinoma. The product of the VHL gene, von Hippel-Lindau protein (VHL), forms a complex with elongin B, elongin C, cullin 2 (CUL2), and RING-box 
protein 1 (RBX1) to target HIF 1a and HIF2a for ubiquitin-mediated degradation; this is an oxygen-sensitive process. A In normoxia, prolyl hydroxylase (PHD), in the presence of 
2-oxogluturate (2-OG), puts two hydroxyl groups on HIFa, which enables the VHL complex to recognize and target HIFa for degradation; in hypoxia, HIFa is not hydroxylated, the 
VHL complex cannot target HIFa for degradation, and HIFa accumulates; HIFa is a transcription factor that drives the transcription of a number of hypoxia-associated genes, such 
as the those that code vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and GLUT1. B When the VHL gene is mutated in clear cell kidney cancer, 
the VHL complex cannot target and degrade HIFa, so HIF1a and HIF2a accumulate; HIF2a ts thought lo be the critical pathway for VHL-deficient clear cell renal cell carcinoma 
tumorigenesis; several therapies targeting the VHL pathway, including sunitinib and pazopanib, have been approved for treatment of advanced renal cell carcinoma. Adapted from 


Linehan et al. {1669A}. 
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high-grade and are associated with poor 
outcome (390,627,2178,2432). 

In addition to tumour-initiating pathways 
involving the loss of chromosome 3p, 
other genetic characteristics that have 
been associated with poor prognosis in 
ccRCC include allelic losses on chro- 
mosome 14q, loss of 4p, and loss of 9p 
{1362,1453,2450}. HIF1A is a likely tar- 
get of the 14q deletions. Copy number 
gains of chromosome 5q are harboured 
by aS many as 70% of ccRCCs {246}. 
The relevant target on chromosome 5q 
has recently been identified as SQSTM1 
{1639}. 

A major obstacle to the development of 
effective oncological therapies against 
renal cancers may be that individual 
tumours are often genetically heteroge- 
neous. Examples of intratumoural muta- 
tional heterogeneity have been reported 
for multiple genes. These genes had 
apparently undergone multiple inde- 
pendent inactivating mutations in distinct 
clonal populations within a single tumour 
and its corresponding metastases {965}. 


Genetic susceptibility 

ccRCC is the typical (nearly universal) 
manifestation of von Hippel-Lindau syn- 
drome; however, ccRCC can also occur 
in association with other familial renal 
cancer syndromes, such as Cowden 
syndrome, Birt-Hogg-Dubé syndrome 
{2169}, tuberous sclerosis {588}, and 
succinate dehydrogenase-deficient re- 
nal cell carcinoma {2316}. 


Prognosis and predictive factors 

Prognosis for patients with ccRCC is 
most accurately predicted by pathologi- 
cal stage {676,2745}. Among tumours 
of the same stage, further prognostic 
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Fig. 4.10 A Clear cell renal cell carcinoma with VHL deletion, FISH expression. There are two signals in red (chromosome 3 
renal cell carcinoma with clear cell papillary-like features in a patient with von Hippel-Lindau syndrome. C 
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Fig. 1.09 Clear cell renal cell carcinoma (RCC). Cancer-specific survival with cases graded according to the WHO / 
International Society of Urological Pathology (ISUP) grading system. Reprinted from Delahunt et al. {682}. 


parameters are tumour grade, presence 
of tumour necrosis, and sarcomatoid and 
rhabdoid differentiation {677}. Immuno- 
histochemical and molecular biomark- 
ers have been widely investigated as 
potential prognostic factors for ccRCC, 
but they are not in routine use in clinical 
practice {2675}. 

Both sarcomatoid and rhabdoid differ- 
entiation in ccRCC are associated with 
poor prognosis; the 5-year survival rate 
for tumours with sarcomatoid change is 
15-22% and the median survival for tu- 
mours with rhabdoid morphology is 8-31 
months {677}. 

A variety of grading systems have been 
proposed; however, the  four-tiered 
WHO / International Society of Urologi- 
cal Pathology (ISUP) grading system has 
been validated for ccRCC and should be 


used (677,679,684}. For grade 1-3 tu- 
mours, this system defines tumour grade 
on the basis of nucleolar prominence. 
Grade 4 is defined by the presence of 
pronounced nuclear pleomorphism, tu- 
mour giant cells, and/or rhabdoid and/or 
sarcomatoid differentiation (Table 1.03, 
p. 17). Grade should be assigned on the 
basis of these criteria within the single 
high-power field showing the greatest 
degree of nuclear pleomorphism. 

The presence of tumour necrosis is of 
independent prognostic significance 


{677,1919}. In general, tumour necrosis 
accounting for > 10% of the total tumour 
volume is associated with a less favour- 
able outcome. For TNM stage 1 and 2 
tumours, the cut-off point associated with 
outcome is 20% of total tumour volume 
{2297}. 
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and one signal in green (VHL gene). 


One of multiple microtumours in the renal cortex of a patient with von 


Multilocular cystic renal neoplasm of 
low malignant potential 


Definition 

Multilocular cystic renal neoplasm of 
low malignant potential is a tumour 
composed entirely of numerous cysts, 
the septa of which contain individual or 
groups of clear cells without expansile 
growth. This neoplasm is morphological- 
ly indistinguishable from low-grade clear 
cell renal cell carcinoma (ccRCC) but 
recurrance or metastasis have not been 
reported {677}. 
ICD-O code 8316/1 
Synonym 

Multilocular cystic renal cell carcinoma 
(obsolete) 


Localization 
This tumour usually presents as a unilat- 
eral solitary lesion. 


Clinical features 

This tumour accounts for less than 1% of 
all renal tumours. It affects middle-aged 
adults, with a male-to-female ratio of 
1.2:1 to 2.1:1. As many as 90% of cases 
are discovered incidentally on radiologi- 
cal evaluation for other purposes. No tu- 
mour with typical features has ever been 
reported to recur or metastasize {1941}. 
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Macroscopy 

The tumour consists exclusively of vari- 
ably sized cysts separated by thin septa 
and filled with clear, serous, or gelati- 
nous fluid, or (much less commonly) with 
haemorrhagic debris. Solid, grossly dis- 
cernible tumour mural nodules are in- 
compatible with the diagnosis {2650}. 


Histopathology 

The cysts are lined by a single layer of 
tumour cells with abundant clear cyto- 
plasm and small nuclei without nucleoli 
(WHO / International Society of Urologi- 
cal Pathology [ISUP] grade 1 or 2). In 
rare cases, the lining of the cysts may 
include features such as multilayering, 
cells with granular cytoplasm, and small 
intracystic papillations. The septa consist 
of fibrous tissue with calcification or ossi- 
fication. An important diagnostic feature 
is the presence within the fibrous septa of 
clusters of tumour cells (without expan- 
sile growth) that are similar to those lining 
the cysts {1940}. Necrosis, vascular in- 
vasion, and sarcomatous transformation 
are incompatible with this diagnosis. Re- 
gressing ccRCC with cystic degenera- 
tion, extensive hyalinization, and haemo- 
siderin deposits should not be mistaken 
for multilocular cystic renal neoplasm of 
low malignant potential. The neoplas- 
tic cells are strongly immunoreactive to 


Fig. 1.14 Multilocular cystic renal neoplasm of low malignant potential. A Gross appearance. B Whole-mount section showing thin septa without solid nodules. C Thin septa lined 
by clearcells indistinguishable from WHO / International Society of Urological Pathology (ISUP) grade 1 clear cell renal cell carcinoma. 
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PAX8 and carbonic anhydrase IX, as is 
the case in typical ccRCC {2963}. The 
main differential diagnoses are renal cell 
carcinoma with cystic necrosis, tubulo- 
cystic carcinoma of the kidney, cystic 
nephroma, clear cell papillary renal cell 
carcinoma with predominant cystic con- 
figuration, and benign multilocular renal 
cortical cysts {1828,2964}. 


Genetic profile 

VHL mutations have been identified in 
25% of these tumours {2881}. Chromo- 
some 3p deletion has been identified in 
89% of ccRCC cases and 74% of mul- 
tilocular cystic renal neoplasms of low 
malignant potential, with no significant 
difference in the status of chromosome 
3p deletion between ccRCC and this tu- 
mour. These findings are consistent with 
the concept of multilocular cystic renal 
neoplasm of low malignant potential be- 
ing genetically related to ccRCC {1100}. 


Prognosis and predictive factors 
Prognosis is excellent. Multiple publica- 
tions based on more than 200 patients, 
with follow-up times of more than 5 years, 
report that there was no recurrence or 
metastasis in patients whose tumours 
were defined according to these mor- 
phological criteria {2590}. 
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Papillary renal cell carcinoma 


Definition 

Papillary renal cell carcinoma (PRCC) is 
a malignant tumour derived from renal tu- 
bular epithelium. It has papillary or tubu- 
lopapillary architecture and is often well 
circumscribed, 
ICD-O code 8260/3 
Synonyms 

Not recommended: tubulopapillary renal 
cell carcinoma; renal papillary adenocar- 
cinoma; chromophil renal cell carcinoma 


Epidemiology 

PRCC is the second most commonly en- 
countered morphotype of renal cell car- 
cinoma (RCC). In reported large series of 
RCCs, the proportion of PRCCs is as high 
as 18.5% {78}. Patients range in age from 
the paediatric age group to extreme old 
age. Among adults, the mean age distri- 
bution (59-63 years) is similar to that of 
clear cell RCC (ccRCC). Among paedi- 
atric patients, the proportion of PRCCs 
present in series of renal parenchymal 
tumours is higher than that observed 
among adults {78,397,866,1065,2448}. 


Etiology 

There are no specific etiological features, 
although PRCC occurs more commonly 
in end-stage renal disease with scarring 
or acquired cystic disease {1048,271 7}. 
Rarely, PRCC occurs in association with 
genetic syndromes, and the hereditary 
PRCC syndrome has a particularly high 
degree of penetrance in affected families 
{3059}. 


Fig. 1.12 Large right-sided papillary renal cell carcinoma. 
Arterial-phase contrast-enhanced MRI. 


Localization 

PRCC occurs in the renal cortex and may 
be multifocal. Multiple PRCCs may oc- 
cur in association with renal scarring. In 
instances of multiple and/or bilateral tu- 
mours, hereditary PRCC-associated syn- 
dromes should be considered. 


Clinical features 

The clinical features of PRCC are similar 
to those of other forms of RCC, although 
the typical clinical triad of abdominal 
mass, flank pain, and haematuria is 
present in only 5-10% of cases. PRCC 
is more likely than ccRCC to undergo 
ischaemic necrosis and spontaneous 
haemorrhage, with spontaneous haemor- 
rhage seen in approximately 8% of cases 
{1227}. In contemporary series, in which 
many tumours were discovered during 
imaging as incidental findings, as many 
as 50% of PRCCs were asymptomatic 
{78,1065}. 

On imaging, PRCC contains foci of calci- 
fication in approximately 30% of cases. 
Radiologically, the tumours may appear 
hypovascular secondary to spontaneous 
tumour necrosis {188}. On multiphase 
CT, PRCC shows lower mean attenua- 
tion values on the corticomedullary and 
nephrographic phases compared with 
ccRCC {201}. As seen in ccRCC, tu- 
mour spread is predominantly vascular, 
via the renal sinus, renal vein, and in- 
ferior and superior venae cavae, to the 
lung. Tumour may infiltrate the perirenal 
fat, resulting in retroperitoneal spread. 
Lymphatic spread with extension to the 
nodes of the renal hilum may also occur, 


Fig. 1.13 Papillary renal cell carcinoma. The tumour has a 
friable consistency, with central necrosis and haemorrhage. 


GEE 


Delahunt B. Martignoni G 
Algaba F. Moch H. 
Eble J. Srigley J.R. 
Cheville J. Tan P.H. 
Amin M.B. Tickoo S.K. 
Argani P 


and this is observed more commonly 
than in ccRCC. 

Staging of PRCC should be undertaken 
using the current edition of the TNM stag- 
ing system. 


Macroscopy 

In surgical specimens, PRCC is often 
well circumscribed with a pronounced 
pseudocapsule. The tumour varies in 
colour from grey to yellow, tan, or dark 
brown, depending on the degree of intra- 
tumoural haemorrhage. The tumour usu- 
ally has a friable consistency, and larger 
tumours may contain fibrosis and foci 
of necrosis and/or cystic degeneration. 
Tumours associated with renal scarring 
or PRCC-related hereditary tumour syn- 
dromes often show multifocality. 


Histopathology 

PRCCs are often circumscribed carci- 
nomas with a prominent pseudocap- 
sule, composed of papillae formed by 
delicate fibrovascular cores that often 
contain foamy macrophages and psam- 
moma bodies. Occasionally, the cores 
are expanded by oedema fluid or hyalin- 
ized connective tissue {674,678}. Some 
tumours show a predominantly tubular 
morphology, or the papillae may be tight- 
ly packed, imparting a solid appearance 
{2298}. Sarcomatoid change is present 
in approximately 5% of PRCCs {678}. 
Tumours that have papillary architecture 
but show features of recognized morpho- 
types of RCC (i.e. MiT family transloca- 
tion RCC, hereditary leiomyomatosis and 
RCC-associated RCC, collecting duct 


dilated papillae. 
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Fig. 1.145 A Type 1 pa 


carcinoma, and mucinous tubular and 
spindle cell carcinoma) should not be di- 
agnosed as PRCC. 

PRCC has traditionally been subdivided 
into two types {678,681}. Type 1 carci- 
nomas have papillae covered by cells 
with nuclei arranged in a single layer 
on the papillary cores, often with scanty 
pale cytoplasm. Type 2 carcinomas are 
characterized by the presence of nuclear 
pseudostratification. They are often of 
higher nucleolar grade, with cells con- 
taining abundant eosinophilic cytoplasm. 
A subset of tumours have mixed histol- 
ogy. Increasing experience and molecu- 
lar studies suggest that type 2 tumours 
may not in fact constitute a single well- 
defined entity, but the type 2 designation 
remains a useful morphological descrip- 
tor. Ongoing studies will help further re- 
fine the characterization of tumours in 
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this category. PRCCs with voluminous, 
finely granular, evenly distributed eosino- 
philic cytoplasm and oncocytoma-like 
nuclei (usually with low nucleolar grade) 
have been called oncocytic PRCCs 
{1191,2589,2992}. Their nuclei are typi- 
cally single-layered and linearly aligned. 
Tumours with this morphology are not yet 
fully characterized. Necrosis and haem- 
orrhage are common, and haemosiderin 
granules may be present in tumour cell 
cytoplasm, particularly in type 1 tumours 
{1775}. 

PRCCs often show positive immunohis- 
tochemical reactions for cytokeratin AE1/ 
AE3, CAM5.2, high—-molecular weight cy- 
tokeratins, epithelial membrane antigen, 
AMACR, RCC antigen, vimentin, and 
CD10 {158,678,681 ,1857,2094 2742}. 
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Fig. 1.16 Papillary renal cell carcinoma (RCC). Cancer-specific survival with cases graded according to the WHO / 
International Society of Urological Pathology (ISUP) grading system. Reprinted from Sukov et al. {2637}. 
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CK7 expression is more common in 
type 1 PRCCs than in the type 2 tumours 
{285,681 , 1439, 1584, 1631, 2188}. 


Genetic profile 

Trisomy and tetrasomy of chromosome 7, 
trisomy of chromosome 17, and loss of 
the Y chromosome are characteristically 
associated with PRCC. A wide variety of 
other aberrations have also been report- 
ed for these tumours, including trisomy 8, 
12, 16, and 20, and loss of 1p, 4q, 6q, 
7, 9p, 13q, Xp, and Xq {1318,1402,1507, 
2449}. Separate studies have also dem- 
onstrated amplification of 8q and over- 
expression of MYC {929}. Approximately 
13% of sporadic PRCCs demonstrate 
MET mutations {2656A]. In kidneys with 
multiple PRCCs, individual tumours show 
loss of at least one of the chromosomes 
3p 14, 7q31, 9p21, 16q23, 17421, and 
17p13; however, the lack of a consistent 
pattern indicates that multiple tumours 
arise independently {1340}. Loss of het- 
erozygosity of VHL and FHIT have been 
reported in PRCC {1249,1950,2852}. 
Type 1 and type 2 PRCCs have been 
shown to have different genetic profiles. 
Type 1 tumours typically show gains of 
7p and 17p, whereas LOH of chromo- 
somes 1p, 3p, 5q, 6, 8, 9p, 10, 11, 15, 
18, and 22 has been reported in type 2 
tumours {109,1318,1452,2409,3047}. In 
one series, LOH in chromosomes 7, 12, 
16, 17, and 20 was seen in both type 1 
and type 2 tumours and in papillary ad- 
enoma, and type 2 tumours additionally 
exhibited alterations in chromosomes 5, 
6, 8, 10, 11, 15, 18, and 22 {109}. The 
results of a recent molecular characteri- 
zation confirmed that type 1 and type 2 
papillary renal-cell carcinomas are differ- 
ent types of renal cancer, characterized 
by specific genetic alterations, with type 2 


further classified into three subgroups on 
the basis of molecular differences asso- 
ciated with patient survival. In the future it 
is likely that type 2 tumours will be subdi- 
vided further {1669B}. Allelic imbalance 
of 9q13 has been shown to be of prog- 
nostic significance in PRCC {2449}. 

The results of genetic studies of tumours 
characterized as oncocytic PRCCs are 
inconsistent; one study found trisomy of 
chromosomes 7 and 17 and loss of chro- 
mosome Y, whereas another study found 
no trisomy 7 or 17 {1191,1619}. 


Genetic susceptibility 

Most PRCCs are sporadic, although 
PRCC is also a feature of the familial 
PRCC syndrome (type 1 PRCC) and 
Birt-Hogg-Dubé syndrome {2003,2195, 
2250). 


Prognosis and predictive factors 

The PRCC morphotype is associated 
with a more favourable outcome than are 
ccRCC, collecting duct carcinoma {677}, 
and hereditary leiomyomatosis and 
RCC. PRCC typing is also of prognos- 
tic significance; type 1 tumours have a 


Hereditary leiomyomatosis and renal 
cell carcinoma—associated renal cell 


carcinoma 


Definition 

Renal cell carcinomas (RCCs) that are 
associated with the hereditary leiomy- 
omatosis and RCC disorder can be ex- 
clusively papillary or can have an infil- 
trative growth pattern overlapping with 
the architecture of collecting duct carci- 
noma. The nuclei contain inclusion-like 
nucleoli with perinucleolar clearing. The 
tumours occur in the setting of non-renal 
leiomyomatosis and demonstrate germ- 
line FH mutations. 
ICD-O code 8311/3 
Epidemiology 

Hereditary leiomyomatosis and RCC-as- 
sociated RCC is rare. 


Diagnosis 

The diagnosis of hereditary leiomyoma- 
tosis and RCC-associated RCC is made 
when the characteristic morphological 
features are identified in the tumour. 
The diagnosis is confirmed by the pres- 
ence of germline mutations in FH (the 
gene encoding fumarate hydratase), at 
1q42.3-q43. 


Localization 

Hereditary leiomyomatosis and RCC-as- 
sociated renal cysts are randomly distrib- 
uted throughout the renal cortex.It pre- 
dominantly affects the renal cortex but 
can involve the medulla as well. 


Hereclitary leiomyomatosis and renal cell carcinome 


Clinical features 

Patients with hereditary leiomyomatosis 
and RCC may present with cutaneous 
lesions, most commonly on the arms or 
thorax, which can be painful (a condition 
called familial leiomyomatosis cutis et 
uteri or Reed syndrome). Affected wom- 
en are at risk for the development of mul- 
tiple, early-onset uterine leiomyomas and 
may report heavy, irregular bleeding due 
to the uterine leiomyomas. Symptoms 
related to the presence of renal cancer, 
such as back pain and (rarely) haema- 
turia, can occur. Affected individuals 
are at risk for the development of renal 
cancers and early cystic lesions {2419}. 
Abdominal imaging screening modalities 
include MRI and CT. FDG-PET is useful 
for tumour staging because hereditary 
leiomyomatosis and RCC tumours take 
up glucose. 


Macroscopy 

Unlike most hereditary RCCs involving 
the kidneys, hereditary leiomyomatosis 
and RCC-associated RCCs may present 
as a single unilateral mass. They may 
be cystic, solid, and homogeneous or 
may be predominantly cystic with areas 
of solid component. The tumours vary in 
size from 2.5 to 12 cm. Cystic lesions, 
which may have smaller, distinctly solid 
enhancing components, are commonly 
identified in the renal cortex. 


better prognosis than do those with type 
2 morphology. Sarcomatoid and rhab- 
doid differentiation is associated with aa- 
creased survival and has been incorpo- 
rated into the WHO / International Society 
of Urological Pathology (ISUP) grading 
system for RCC (including PRCC) |677] 
In this system, grade is determined on 
the basis of nucleolar prominence for 
grades 1-3, and grade 4 tumours are 
those that show extreme nuclear pleo- 
morphism, tumour giant cells, rhabdoid 
differentiation, and/or sarcomatoid differ- 
entiation {2524}. 
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Histopathology 

The histology of renal cancers in he- 
reditary leiomyomatosis and RCC is the 
characteristic that originally led to the 
identification of this syndrome. Typically, 
hereditary leiomyomatosis and RCC-as- 
sociated RCCs display papillary histol- 
ogy with large cells with abundant eo- 
sinophilic cytoplasm, large nuclei, and 
prominent inclusion-like eosinophilic 
nucleoli. A variety of morphological pat- 
terns, including tubular, tubulocystic, 
solid, and mixed, have been described. 
The characteristic nuclear features may 
only be present focally {1875}. Immuno- 
histochemistry for loss of fumarate hy- 
dratase and overexpression of modified 
cysteine - S-(2-succino)cysteine — is of 
diagnostic utility. 


Leiomyomas of the skin and uterus 

Leiomyomas of the skin and uterus are 
the most common features of hereditary 
leiomyomatosis and RCC, present in ap- 
proximately 85% of cases {2618}. Patient 
age at the onset of cutaneous leiomyo- 
mas ranges from 10 to 47 years, and of 
uterine leiomyomas from 18 to 52 years, 
with a mean age of 30 years. Clinically, 
cutaneous leiomyomas present as mul- 
tiple firm, skin-coloured nodules ranging 
in size fram 0.5 to 2 cm. Uterine leiomyo- 
mas in hereditary leiomyomatosis and 
RCC are often numerous and large. Cu- 
taneous leiomyomas are composed of 
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rcinoma-associated renal cell carcinoma with papillary features. A The papillae are thick and covered by cells with abundant 
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eosinophilic cytoplasm. B Higher magnification shows cells with large nuclei, prominent eosinophilic nucleoli, and a clear perinucleolar halo, characteristic of this tumour. 


interlacing bundles of smooth muscle 
cells with centrally located blunt-ended 
nuclei. Uterine leiomyomas are char- 
acterized by atypical features and the 
presence of cells with nuclear features 
similar to those seen in the renal tumours. 
Mitoses are rare, although there may be 
1-2 mitotic figures per 10 high-power 
fields in some cases. Necrosis is absent. 


Adrenal nodular hyperplasia 

Unilateral and bilateral adrenal nodular 
hyperplasia has been observed in a sub- 
set of patients with hereditary leiomyo- 
matosis and RCC. Adrenal malignancy is 
absent {2519}. 


26 Tumours of the kidney 


Genetic profile 

Hereditary leiomyomatosis and RCC-as- 
sociated RCC is caused by a germline 
mutation of the fumarate hydratase gene 
{2733A}. FH is located on chromosome 
1q42.3-q43, consists of 10 exons, and en- 
codes a 511-amino acid peptide. Germ- 
line FH mutations have been found in 
99% of families with hereditary leiomy- 
omatosis and RCC. In hereditary leiomy- 
omatosis and RCC-associated RCCs, 
oxidative phosphorylation is impaired, 
and cells undergo a metabolic shift to 
aerobic glycolysis. When fumarate hy- 
dratase is deficient, fumarate increases 
and is an oncometabolite. Increased 


fumarate impairs the function of hypoxia- 
inducible factor prolyl hydroxylase, which 
results in increased levels of HIF 1a. 


Prognosis and predictive factors 

The prognosis of hereditary leiomyoma- 
tosis and RCC-associated RCC is poor, 
with a tendency to early widespread 
dissemination {1059}. Unlike with other 
hereditary RCCs, metastases have also 
been reported in small tumours. New 
treatment modalities hold promise for ob- 
taining longer survival times. Referral for 
genetic counselling is recommended for 
family members. 


Chromophobe renal cell carcinoma 


Definition 

Chromophobe renal cell carcinoma 
(ChRCC) is characterized by cells with 
prominent cell membranes, wrinkled nu- 
clei with perinuclear haloes, and pale to 
eosinophilic cytoplasm. 
ICD-O code 8317/3 
Epidemiology 

ChRCC constitutes 5-7% of all renal cell 
carcinoma cases (86,215,530,2161}. 
Most tumours are sporadic, but uncom- 
mon hereditary forms occur. Occurrence 
peaks in the sixth decade, with patient 
age ranging from childhood to extreme 
old age. There is a slight male predilec- 
tion {86,501,876,2249}. 


Clinical features 

Most ChRCCs are discovered inciden- 
tally. There are no symptoms unique to 
ChRCC. 


Fig. 1.18 Left-sided chromophobe renal cell carcinoma 
(T). Arterial-phase contrast-enhanced MRI. 


Fig. 1.49 Chromophobe renal cell carcinoma. Typical 
homogeneously tan-coloured tumour at the lower pole of 
the kidney. 
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Fig. 1.20 Chromophobe renal cell carcinoma. Intersample correlations between kidney tumours and profiles of kidney 
nephron sites, supporting the theory that chromophobe renal cell carcinoma (ChRCC), unlike clear cell renal cell 
carcinoma (ccRCC), is derived from the distal nephron. CCD, kidney cortical collecting duct; cTAL, kidney cortical 
thick ascending limb of loop of Henle; DCT, kidney distal convoluted tubule; Glom, kidney glomerulus; mTAL, kidney 
medullary thick ascending limb of loop of Henle; OMCD, kidney outer medullary collecting duct; $1/S3, kidney proximal 


tubule. Reprinted from Davis et al {642}. 


Macroscopy 

The tumours are often large, averaging 
7 cm in diameter. They are well circum- 
scribed and unencapsulated, and vary 
in colour from light tan to brown (86,501, 
876,2249}. The intensity of the brown col- 
ouration correlates with the concentration 
of eosinophilic cells, and a central scar 
is sometimes present. Most tumours are 
confined to the kidney. 
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“ at E p “ay 
nalcellcarcinoma. A Electron micrograph showing the numer 


Histopathology 

The tumour cells are typically arranged 
in a solid sheet-like pattern, separated 
by incomplete, often hyalinized vascular 
septa {86,2249,2707}. Other architectur- 
al patterns include small nests and (un- 
commonly) tubular, microcystic, trabecu- 
lar, and rare focal papillary areas. The 
classic ChRCC shows predominance of 
larger pale cells with reticular cytoplasm 
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Fig. 4.22 Chramophobe renal cell 


eosinophilic calls peripherally. B The tumour is composed of eosinophilic granular cells with irregular nuclei and perinuclear haloes. 
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Fig. 1.23 Chromophobe renal cell carcinoma. A The pale cells show 


carcinoma with sarcomatoid dedifferentiation. 


and prominent cell membranes (plant 
cell-like), The eosinophilic variant of 
ChRCC shows predominance of smaller 
cells with fine oxyphilic granularity. These 
two cell types are typically mixed, with 
the eosinophilic cells usually arranged at 
the centre and the pale cells at the pe- 
riphery of the sheets or nests. The nuclei 
often have a distinctive irregular wrinkled 
(so-called raisinoid) appearance, with 
coarse chromatin, common binuclea- 
tion, and perinuclear haloes (koilocytic 
atypia). However, round regular nuclei 
are not uncommon, particularly within the 
eosinophilic cells. Sarcomatoid change 
occurs in 2-8% of tumours {86}. 
Oncocytoma can resemble eosinophilic 
ChRCC, and a small subset of tumours 
have overlapping histology between 
oncocytoma and ChRCC (hybrid on- 
cocytic/chromophobe tumour). These 
are commonly seen in Birt-Hogg—Dubé 
syndrome and renal oncocytosis {2168, 
2169,2590,27 18}. Tumours with this mor- 
phology may also occur sporadically. 
Ultrastructurally, ChRCC is characterized 
by numerous cytoplasmic microvesicles 
(140-300 nm in size), a feature prob- 
ably related to defective mitochondrial 
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development{820,964,2705,2716}. These 
microvesicles are more plentiful in the 
pale cells, whereas mitochondria are 
abundant in the eosinophilic cells (33, 
1592,2716}. Hale colloidal iron stain- 
ing is variable, but often shows diffuse 
cytoplasmic staining, which correlates 
with disrupted microvesicles in classic 
ChRCC (300,2625,2706,2715}. Immuno- 
histochemically, ChRCC is positive for 
KIT, parvalbumin, and kidney-specific 
cadherin (1532,1799,2199,3006}. CK7 is 
often diffusely positive, but staining may 
be focal in the eosinophilic cells {1532, 
1820,2300,2543}. Vimentin is generally 
negative {2543}. 


Genetic profile 
ChRCC shows losses of chromosomes 


Fig, 1.24 Chromophobe renal cell carcinoma with typical 
monosomy (one signal for chromosome 17). FISH. 


Vi 1; 276; 10,13; 17,-and'21 4363/1505, 
2457 ,2584), Eosinophilic variants may 
show fewer or no genetic losses {642}. 
Somatic mutations in mitochondrial DNA 
are common {642,1506,1998}. TP53 and 
PTEN are mutated in 27-32% and 9% 
of tumours, respectively {563,642}. Re- 
arrangements in the TERT promoter re- 
gion occur in 12% of tumours {642}. 


Genetic susceptibility 

Birt-Hogg—Dubé syndrome, an autoso- 
mal dominant disorder associated with 
mutation in the folliculin gene, is associ- 
ated with a higher incidence of ChRCC, 
particularly the hybrid oncocytic/chromo- 
phobe tumours {2033,2169,2444 2590}. 


Prognosis and predictive factors 
ChRCC has a favourable prognosis, with 
a 5-year survival rate of 78-100% {86, 
215,1919,2249}, Tumour stage, sarcoma- 
toid change, necrosis, and small vessel 
invasion independently predict outcome 
{86,501}. ChRCC cannot be graded, be- 
cause of its innate nuclear atypia {635, 
683 2126}. An alternative grading system 
has been proposed, but has yet to be 
validated (55,501,876,2126}. 


Collecting duct carcinoma 


Definition 

Collecting duct carcinoma is a malignant 
epithelial tumour arising from the princi- 
pal cells of the renal collecting ducts of 
Bellini. 
ICD-O code 8319/3 
Synonym 

Bellini duct carcinoma 

(not recommended) 


Epidemiology 

Collecting duct carcinoma is a rare neo- 
plasm, accounting for only 1-2% of renal 
tumours. It occurs across a wide patient 
age range, from 13 to 85 years, with the 
median patient age in published studies 
ranging from 43 to 63 years. The male-to- 
female ratio is 2:1 {1388,2723}. 


Clinical features 

Two thirds of patients with collecting duct 
carcinoma are symptomatic, typically 
with back or loin pain, haematuria, fa- 
tigue, and weight loss {1826,2723,2987}. 
About 80% of patients eventually have 
lymph node involvement, and metasta- 
ses to the lungs, liver, bone, adrenals, 
and brain are also common. 


Localization 
Both kidneys are equally likely to be 
affected. 


Sa 


Pe 


Fig. 1.26 Collecting duct carcinoma. A Tumour in which the 


Table 1.04 Diagnostic criteria for collecting duct 
carcinoma 
- 


Macroscopy 

Collecting duct carcinomas are often 
located in the deep medulla; however, 
because of the large size of the major- 
ity of cases, this medullary location may 
not be possible to confirm. The tumours 
are typically white and firm, with haemor- 
rhage and necrosis. There is an irregular, 
poorly defined tumour margin with exten- 
sion of the tumour into the cortex and 
often beyond the kidney. Reported tu- 
mours have ranged from 2.5 to 15 cmin 
diameter. Satellite nodules, particularly in 
a subcapsular location, are common. In- 
trarenal vascular spread may lead to lo- 
cal infarction within the adjacent kidney. 
Invasion of the renal sinus is often evi- 
dent in nephrectomy specimens. Lymph 
node metastases are also common, and 
lymphatic spread around the ureter may 
be seen. More than 70% of collecting 
duct carcinomas are stage pT3 or higher 
at presentation {1388}. 
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Fig. 1.25 Carcinoma of the collecting ducts of Bellini. 


Histopathology 

Histopathologically, the hallmark feature 
is a tubular, tubulopapillary, or tubulo- 
cystic tumour, typically with an invasive 
ductal pattern and an associated desmo- 
plastic response in the adjacent stroma 
{885,1413}. There are irregular, elongat- 
ed, and branching tubules lined by a sin- 
gle layer of epithelium. A papillary com- 
ponent can be seen as the main mass, 
and a microcystic pattern with intracystic 
papillary epithelial proliferation resulting 
in glomeruloid morphology may also be 
encountered. 

The cells are cuboidal, although co- 
lumnar and hobnail cells are commonly 
found. The cytoplasm is usually pale 
eosinophilic or clear, with distinct cell 
membranes, although it may occasion- 
ally be granular. Intracellular or intralu- 
minal mucin may be present. Nuclei are 
large, vesicular, and highly pleomorphic, 
with prominent single nucleoli. Mitoses 
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with desmoplasia. 
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Fig. 1.27 Collecting duct carcinoma. Tubulopapillary type of growth. 


are numerous and often abnormal. Cell 
death by both apoptosis and coagulative 
necrosis is seen. The edge of the tumour 
is poorly defined and tumour cells can 
be seen infiltrating the adjacent kidney, 
pushing between tubules and glomeruli. 
Sarcomatoid or rhabdoid transforma- 
tion is common. Intratubular dysplasia 
in the adjacent kidney is often present. 
Six criteria to support a diagnosis of 
collecting duct carcinoma have been 
proposed (Table 1.04, p. 29) {2590}. 
Collecting duct carcinoma was first iden- 
tified because ofits pattern of expression 
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of high-molecular weight cytokeratins 
(CK19 and 34BE12) and CK7. There may 
be coexpression of vimentin. A panel of 
PAX2, PAX8, OCT3/4, SMARCB1 (also 
called INI1), and p63 is useful in the di- 
agnosis of collecting duct carcinoma {43, 
408}. The main differential diagnoses are 
type 2 papillary renal cell carcinoma, 
invasive urothelial carcinoma, adeno- 
carcinoma of the renal pelvis, and renal 
medullary carcinoma. It may be difficult 
to exclude adenocarcinoma metastatic 
to the kidney {2591}. 


Genetic profile 

Data on the genetic profile of collecting 
duct carcinoma are minimal and limited. 
Collecting duct carcinomas show chro- 
mosomal aberrations in various chro- 
mosomes; DNA losses are more com- 
mon than gains. In particular, LOH has 
been identified on multiple chromosomal 
arms: 8p, 6p, 9p, 13q, and 21q. Mono- 
somy of chromosomes 1, 6, 14, 15, and 
22; loss of chromosomes 4, 14, 18, and 
22; and trisomy of chromosomes 4, 7, 8, 
17, and 20 have also been reported. Am- 
plifications of ERBB2 (also called HER2/ 
neu) have been documented. Losses on 
1p36, 3p, 6p, and 8p, as well as a gain 
on chromosome 13 may be associated 
with aggressive disease {216,1090}. Col- 
lecting duct carcinoma may rarely be 
associated with genetic alterations in- 
volving the SMARCB1 gene (also called 
INIT), and complete loss of SMARCB1 
expression has been observed by immu- 
nohistochemistry {793}. 


Prognosis and predictive factors 

The histological diagnosis of collecting 
duct carcinoma is in itself an adverse 
prognostic factor. The majority of these 
tumours are associated with poor out- 
come, due to their highly aggressive clin- 
ical course, high prevalence of metastat- 
ic disease at presentation, and limited 
response to immuno- and chemotherapy. 
Approximately two thirds of patients die 
within 2 years of diagnosis {2987}. 


Renal medullary carcinoma 


Definition 

Renal medullary carcinoma is a highly ag- 
gressive carcinoma centred on the renal 
medulla. It is associated with sickle cell 
trait and related haemoglobinopathies. 
High-grade renal adenocarcinoma that 
has morphology and immunophenotypic 
or molecular characteristics identical to 
those of medullary carcinoma and that 
occurs in a patient with no evidence of 
sickle cell trait or disease (as ruled out by 
family history and serum electrophoresis) 
is putatively diagnosed as unclassified 
renal cell carcinoma with renal medullary 
phenotype {89}. 
ICD-O code 8510/3 
Epidemiology 

Approximately 200 cases of this rare tu- 
mour type have been described, with a 
predilection for young adults and a male- 
to-female ratio of 21. Most reported 
cases occurred in Blacks, with a smaller 
portion occurring in patients of Hispanic 
or Brazilian origin. Fewer than a dozen 
cases have been reported in Whites. 
Most tumours occur in patients in their 
second or third decade of life, although 
a wide age range (5-69 years) has been 
reported. Virtually all patients are symp- 
tomatic at diagnosis with flank or abdom- 
inal pain and gross haematuria {74}. The 
majority of the cases present with meta- 
static disease, and survival is usually 
measured in months (ranging from 1 day 
to 26 months) {1789}. 


Etiology 

Also known as the seventh sickle cell 
nephropathy, these tumours occur in the 
region of the medulla where a hypoxic 
microenvironment is created by hyper- 
osmolarity, low pH, and stasis, which 
enhances red blood sickling and ischae- 
mic damage. This chronic regenera- 
tive proliferation of medullary epithelium 
promotes neoplastic change associated 
with hypoxia-inducible factor, p53, and 
vascular endothelial growth factor altera- 
tions {1090}. 
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admixed neutrophils. 


Macroscopy 

These medulla-centred tumours are 
poorly circumscribed and range in size 
from 4 to 12 cm, with a mean diameter of 
7 cm. A notable predilection for the right 
kidney is evident, as is a greyish-white 
sclerotic cut surface with necrosis {74}. 


Histopathology 

There is marked overlap with features 
seen in collecting duct carcinoma, in- 
cluding infiltrative high-grade adenocar- 
cinoma histology with tubules, glands, 
and tubulopapillary structures associ- 
ated with necrosis, desmoplasia, and in- 
flammation. Intracytoplasmic mucin pro- 
duction is common. Cytological atypia 
is usually pronounced, with prominent 
nucleoli and eosinophilic cytoplasm. 
Distinctive features associated with this 


Fig. 1.29 Large, infiltrating renal medullary carcinoma 
expanding the renal contour. 


Fig. 1.30 Renal medullary carcinoma centered in the 


tumour type include an adenoid cystic, 
reticular, and microcystic appearance. 
Tumours may be entirely solid with 
sheet-like architecture or with exclusively 
rhabdoid morphology. A myxoid stromal 
response associated with a neutrophil- 
predominant inflammatory infiltrate with 
microabscesses is often present {1090}. 
Microvasculature typically demonstrates 
drepanocytes. The tumours are invari- 
ably positive for PAX8, consistent with re- 
nal histogenesis {713}. Polyclonal carci- 
noembryonic antigen, CK7, CAM5.2, and 
Ulex europaeus agglutinin-1 are positive 
in more than half of all cases. Loss of 
SMARCB 1 (also called INI1), correlating 
with loss of expression of SMARCB1, and 
acquisition of expression of the stem cell 
marker OCT3/4 (also called POU5F1) are 
diagnostically helpful {1679,2278}. 


region of the medulla. The tumor is grayish-white with 
areas of cystic change and necrosis. 
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Fig. 131 Renal medullary carcin 
sickled erythrocytes in the upper half of the image. 


Genetic profile 

Genetic profiling studies of renal med- 
ullary carcinoma cases have shown 
involvement of genes related to hy- 
poxia-induced signalling pathways. In 
particular, renal medullary carcinomas 
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oma. A Reticular growth pattern with adenoid cystic carcinoma-like morph 


demonstrate increased expression of 
HIF 1a. Deregulation of DNA remodelling 
and repair (mediated by topoisomerase 
Il) promotes tumorigenesis. Gene ex- 
pression profiling has shown similarities 
between renal medullary carcinoma and 


ology and myxoid stroma. B Tumour with rhabdoid 
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urothelial carcinoma. Molecular studies 
have shown LOH or hemizygous dele- 
tions at the SMARCB1 locus. Rare cases 
have shown loss of chromosome 22 and 
amplification of the ABL gene {382}. 


MiT family translocation renal cell 
carcinomas 


Definition 

MiT family translocation renal cell carci- 
nomas (RCCs) harbour gene fusions in- 
volving two members (7FE3 and TFEB) 
of the MiT family of transcription factors. 
The RCCs associated with Xp11 translo- 
cations harbour gene fusions involving 
TFE3 and the RCCs with t(6;11) trans- 
location harbour a MALAT1-TFEB gene 
fusion. 


ICD-O code 8311/3 


Etiology 

Exposure to cytotoxic chemotherapy is 
a risk factor for MiT family translocation 
RCCs {131}. 


Clinical features 

Approximately 40% of paediatric RCCs 
are Xp11 translocation RCCs, whereas 
approximately 1.6-4% of adult RCCs are 
Xp11 translocation RCCs {1479}. The 
t(6;11) RCCs are less common than the 
Xp11 translocation RCCs; only approxi- 
mately 50 cases have been reported in 
the literature worldwide. The mean and 
median patient age is 31 years {2552}. 


Macroscopy 
MiT family translocation RCCs do not 
have a distinctive gross appearance. 
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Fig, 4.32 {(6;11) renal cell carcinoma. A Note the Biphasic appearance of the neoplasm, with larger epithelioid cells 
at the periphery of the nests and smaller cells clustered around hyaline basement membrane material in the centre. 
B Strong nuclear labelling for TFEB protein by immunohistochemistry; nota the absence of labelling in native endothelial 
cells. C Characteristic focal but crisp HMB45 immunohistochemical labelling. 
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Histopathology 

The most distinctive histological pat- 
tern of the Xp11 translocation RCCs is 
that of a papillary neoplasm composed 
of epithelioid clear cells with abundant 
psammoma bodies {119,120}. Xp114 
translocation RCCs can also resemble 
other renal neoplasms, including clear 
cell RCC, papillary RCC, multilocular 
cystic renal neoplasm of low malignant 
potential, oncocytoma, and epithelioid 
angiomyolipoma {135,1043}. Some renal 
cancers with TFE3 gene fusions contain 
melanin pigment, creating overlap with 
TFE3-rearranged pigmented perivas- 
cular epithelioid cell tumours {121,122}. 
The most distinctive pattern of the t(6;11) 
RCCs is that of a biphasic neoplasm, 
composed of nests of larger epithelioid 
cells and smaller cells clustered around 
basement membrane material (128,132, 
137}. The t(6;11) RCCs characteristi- 
cally entrap single native renal tubules 
at their periphery. The t(6;11) RCCs and 
the Xp11 translocation RCCs can overlap 
morphologically. 


/mmunophenotyoe 

Unlike most RCCs, MiT family transloca- 
tion RCCs underexpress epithelial mark- 
ers such as cytokeratins and epithelial 
membrane antigen, but they do consis- 
tently express PAX8 and other renal tu- 
bular markers {129,2552}. The t(6;11) 
RCCs consistently express the melano- 
ma markers melan A and HMB45 and the 
cysteine protease cathepsin K, whereas 
only some Xp11 translocation RCCs ex- 
press melanocytic markers, and approxi- 
mately 60% label for cathepsin K (1796, 
1800}. Strong nuclear TFE3 immunoreac- 
tivity using an antibody to the C-terminal 
portion of TFE3 is highly sensitive and 
specific for the Xp11 translocation RCCs 
{133}, but TFE3 break-apart FISH assays 
have proven to be more useful, because 
they are less susceptible to fixation is- 
sues {1043,2280,3082}. Similarly, nucle- 
ar immunoreactivity for TFEB protein is 
highly specific forthe t(6;11) RCCs {132}, 
but a TFEB break-apart FISH assay is 
less affected by variable fixation and is 
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Fig. 1.33 “Xp translocation renal cell carcinoma. A Note the papillary architecture, hyaline nodules, and abundant psammoma bodies. B A solid nested pattern resembling clear 
cell renal cell carcinoma. C Papillary architecture (left) merges with solid nested architecture (right). D Strong nuclear labelling for TFE3 protein by immunohistochemistry; note the 
absence of labelling in native endothelial cells. 


thus the preferred diagnostic test for es- 
tablishing the diagnosis in formalin-fixed, 
paraffin-embedded material {137,1954}. 


Genetic profile 

Xp11 translocation RCCs harbour fusions 
of the TFE3 transcription factor gene 
(which maps to Xp11) with one of multi- 
ple reported genes including ASPSCR1 
(also called ASPL), PRCC, NONO (also 
called p54nrb), SFPQ (also called PSF), 
` and CLTC {119,120,533,2279}. The two 
most common Xp11 translocation RCCs 
are those bearing the t(X;1)(p11.2;q21) 
translocation (which fuses the PRCC and 
TFE3 genes) and the t(X;17)(p11.2;q25) 
translocation (which fuses the ASPSCR1 
and TFE3 genes, the same gene fusion 
found in alveolar soft part sarcoma) 
{134}. The t(6;11) translocation fuses 
TFEB with MALAT1 (also called Alpha), a 
gene transcribed into a long non-coding 
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RNA of unknown function, resulting in 
overexpression of native TFEB {646, 
1565}. Overexpressed TFE3 fusion pro- 
teins and native TFEB act as aberrant 
transcription factors that activate expres- 
sion of multiple downstream targets, in- 
cluding targets normally activated by 
the related MiT family transcription factor 
microphthalmia-associated transcription 
factor (such as melanocytic markers and 
cathepsin K) {1471,1533,2753}. 


Prognosis and predictive factors 

Survival for patients with Xp11 transloca- 
tion RCCs is similar to that for patients 
with clear cell RCCs and significantly 
worse than that for patients with papillary 
RCCs {2205}. In multivariate analyses, 
only distant metastasis and older age at 
diagnosis independently predicted death 
{2636}. The fusion subtype impacts pre- 
sentation. ASPSCR1-TFE3 RCCs are 


more likely to present with regional lymph 
node metastasis (in 24 of 32 evaluable 
cases, 75%) than are PRCC-TFE3 RCCs 
(in 5 of 14 cases, 36%); however, most of 
the node-positive ASPSCR1-TFE3 RCC 
patients remained disease-free without 
adjuvant therapy {788,2636}. Hence, lo- 
cally advanced stage may not predict 
adverse outcomes. The reported t(6;11) 
RCCs have generally been more indolent 
neoplasms than the Xp11 translocation 
RCCs. Of the approximately 50 t(6;11) 
cases in the published literature, only 4 
have developed metastases, which lead 
to the patient's death in 3 cases. Most 
neoplasms have presented at a low 
stage (pT1 or pT2) and have had benign 
follow-up. MiT family translocation RCCs 
have the potential to metastasize late, as 
many as 20 or 30 years after diagnosis, a 
characteristic that likely reflects their typi- 
cally low proliferative indices. 


Succinate dehydrogenase-—deficient 


renal cell carcinoma 


Definition 

Succinate dehydrogenase (SDH)-defi- 
cient renal cell carcinoma is a malignant 
epithelial tumour composed of vacuolat- 
ed eosinophilic to clear cells and is de- 
fined by the loss of immunohistochemi- 
cal expression of SDHB - a marker of 
dysfunction of mitochondrial complex II. 
Most patients have germline mutations in 
an SDH gene. 


Synonyms 

Not recommended: SDHB-negative renal 
carcinoma; succinate dehydrogenase- 
deficient renal oncocytoma 


Epidemiology 

SDH-deficient renal cell carcinoma is 
a rare tumour, estimated to account for 
0.05-0.2% of all renal carcinomas {982}. 
It most commonly presents in young 
adulthood, at a mean patient age of 
38 years and a median of 35 years, rang- 
ing from 14 to 76 years (982,296 1}. There 
is a slight male predominance, with a 
male-to-female ratio of 1.8:1 {982,296 1}. 


Etiology 
SDH-deficient renal cell carcinomas are 
strongly hereditary, with the great majority 
of cases occurring in the setting of germ- 
line mutation of one of the SDH genes, 
most commonly SDHB, less commonly 
SDHC, and only rarely SDHA or SDHD 
(982,2961,3002}. Neoplasia appears to 
occur only in the setting of double-hit 
‘inactivation of one of the SDH genes, 
which leads to dysfunction of mitochon- 
drial complex Il {981}. 


Clinical features 

The majority of these tumours are con- 
fined to the kidney, and either patients 
present with vague flank pain or the tu- 
mours are discovered as an incidental 
finding on imaging {982,2961}. Rarely, 
SDH-deficient renal cell carcinoma 
may present with metastatic disease 
{984,2112}. A personal or family his- 
tory of SDH-deficient renal cell carci- 
noma, paraganglioma, or SDH-deficient 


gastrointestinal stromal tumour may be 
present {982}. 


Localization 

SDH-deficient renal cell carcinomas 
arise in the renal parenchyma and only 
rarely involve renal fat, vein branches, or 
sinuses {982,2961}. Multifocal or bilateral 
tumours are found in as many as 30% of 
patients at long-term follow-up {982}. 


Macroscopy 

SDH-deficient renal cell carcinomas are 
usually well circumscribed with a tan- 
brown to red cut surface. Although most 
tumours are solid, multicystic change is 
not uncommon {982,2961}. 


Histopathology 

Most SDH-deficient renal cell carcino- 
mas demonstrate distinctive morpho- 
logical features at least focally {982, 
983,984,296 1]. The tumours are well cir- 
cumscribed, with a lobulated or pushing 
margin, often entrapping benign tubules. 
Scattered cysts, usually containing pale 
eosinophilic material, are common. The 
neoplastic cells have smooth nuclear 
contours, evenly dispersed chromatin, 
and inconspicuous nucleoli (neuroendo- 
crine-like), and are usually arranged in a 
solid, nested, or tubular pattern. 

The most distinctive histological feature 
is the presence of cytoplasmic vacuoles 
or flocculent inclusions that contain eo- 
sinophilic or pale, wispy material that, 
when abundant, may impart a bubbly ap- 
pearance. In some cases, particularly in 
tumours with higher-grade nuclei, these 
inclusions may be quite sparse and iden- 
tified only after an extensive search. The 
cytoplasm is typically eosinophilic but 
commonly has a flocculent rather than 
homogeneous or fine granular quality. 
Higher-grade transformation may occur 
and is heralded by increased nuclear 
atypia, denser cytoplasm, and loss of the 
distinctive cytoplasmic inclusions, some- 
times with sarcomatoid change {982}. 
Cases with variant morphology, some- 
times with a papillary or sarcomatoid 
appearance, have been reported, but 
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are rare in the absence of a more typical 
low-grade component {982,1771,1893, 
3002}. 

Loss of immunohistochemical staining 
for SDHB is considered a requirement 
for the diagnosis of SDH-deficient renal 
cell carcinoma. Caution should be exer- 
cised in interpreting SDHB immunohisto- 
chemistry in renal tumours with very clear 
cytoplasm, because these may show 
markedly decreased but not negative 
staining, and such cases should not be 
interpreted as SDH-deficient {984}. SDH- 
deficient paraganglioma, gastrointestinal 
stromal tumour, and pituitary adenomas 
associated with SDHA mutation but not 
with other SDH mutations also show neg- 
ative staining for SDHA {745,985,1489, 
1891,2893}, and this appears to be the 
case in the very few SDHA-mutant SDH- 
deficient renal cell carcinomas reported 
to date (981,2961,3002}. Other immu- 
nohistochemical markers are generally 
non-contributory, with only 30% of cases 
showing some cytokeratin expression 
{982,2961}. Intratumoural mast cells may 
be highlighted by KIT, but true-positive 
staining for KIT or CK7 is very rare (seen 
in < 3% of cases). PAX8 and kidney- 
specific cadherin are consistently posi- 
tive, but neuroendocrine markers (i.e. 
chromogranin and synaptophysin) are 
negative. 


Genetic profile 

The SDH genes are autosomal but en- 
code for proteins that are assembled 
at the inner mitochondrial membrane 
to form mitochondrial complex Il, also 
known as SDH or succinate-ubiquinone 
oxireductase {981}. The defining molecu- 
lar abnormality in SDH-deficient renal 
cell carcinomas is double-hit inactiva- 
tion of one of the SDH genes {981,982, 
2961}, most commonly SDHB, less com- 
monly SDHC, and only rarely SDHA or 
SDHD {982,2139,2961,3002}. To date, 
no SDH-deficient renal cell carcinomas 
have been shown to harbour mutations in 
VHL, PIK3CA, AKT, MTOR, MET, or TP53 
{2961}. 
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are a distinctive feature but may be sparse. B The cytoplasm of these tumours commonly has a flocculent quality. C Early dedifferentiation towards a high-grade phenotype (left); a 
residual typical low-grade morphology is still present (right); although cytoplasmic vacuolation is noted, this is subtle, and the diagnosis may not be considered unless a more classic 
low-grade component is evident. D The tumour shows complete loss of immunohistochemical staining for SDHB, whereas scattered mast and inflammatory cells show preserved 
staining and act as an internal positive control. 


Genetic susceptibility 

The great majority of patients with SDH- 
deficient renal cell carcinoma have ger- 
mline mutations in SDHB, SDHC, SDHA, 
or SDHD. Unlike most other tumour sup- 
pressor genes, double-hit inactivation 
occurs only very rarely (if at all) in the 
absence of germline mutation {830,981, 
982,2139,2961}. These mutations are 
associated with an autosomal dominant 
tumour syndrome characterized by para- 
ganglioma/phaeochromocytoma, SDH- 
deficient gastrointestinal stromal tumour, 
SDH-deficient renal cell carcinoma, and 
pituitary adenoma {981), SDH-deficient 
paragangliomas and gastrointestinal 
stromal tumours are also associated with 
the syndromic but non-hereditary Carney 
triad of paraganglioma, SDH-deficient 
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gastrointestinal stromal tumour, and pul- 
monary chondroma, which is caused 
by SDHC promoter-specific CpG island 
hypermethylation {1103,1431}; but to 
date, SDHC epimutation has not been 
reported in SDH-deficient renal cell car- 
cinoma. Therefore, all patients with SDH- 
deficient renal cell carcinoma should be 
offered genetic testing, and the possibil- 
ity of syndromic disease should be con- 
sidered even in the absence of identified 
germline mutation. The lifetime risk for 
developing renal neoplasia may be as 
high as 14% in the setting of SDHB muta- 
tion {2315}. 


Prognosis and predictive factors 
The majority (75%) of SDH-deficient renal 
cell carcinomas are uniformly low-grade, 


lack coagulative necrosis, and have a 
favourable prognosis, with a metastatic 
rate of 11% at long-term follow-up {982, 
2961]. The outcome is less favourable in 
cases with dedifferentiation (i.e. sarco- 
matoid change or high nuclear grade) or 
coagulative necrosis, in which the meta- 
static rate may approach 70% {982}. Late 
recurrence of SDH-deficient renal cell 
carcinoma has been reported, in some 
instances 16-30 years after the primary 
excision; however, it can be difficult to 
distinguish true disease recurrence from 
spread of a metachronous tumour {982, 
2961}. Long-term follow-up and surveil- 
lance for other SDH-deficient neoplasms 
(i.e. paraganglioma, SDH-deficient gas- 
trointestinal stromal tumour, and pituitary 
adenoma) is indicated. 


Mucinous tubular and spindle cell 


carcinoma 


Definition 

Mucinous tubular and spindle cell carci- 
noma is a renal epithelial neoplasm char- 
acterized by tubular formations merging 
with bland spindle cells and a myxoid 
stroma. 
ICD-O code 8480/3 
Epidemiology 

This tumour accounts for < 1% of all re- 
nal neoplasms. Patient age ranges from 
13 to 81 years, with a mean of 58 years. 
There is female predilection, with a fe- 
male-to-male ratio of 3:1 {752,87 1,2508}. 


Localization 

The tumour generally occurs in the renal 
cortex, but may also arise in the renal 
medulla {152,752}. 


Clinical features 
Some tumours occur in association with 
nephrolithiasis {1192}. 


Macroscopy 

The tumour is well circumscribed and 
solid. The cut surface shows yellow ‘to 
tan-brown and pinkish colour {152,752, 
2158). 


Histopathology 

The tumour consists of bland tubular 
structures that are often elongated or 
anastomosing and that characteristically 
transition to spindle cells {871,1192]. 
The tubular cells are usually cuboidal 
and may focally show clear cells, onco- 
cytic change, or cytoplasmic vacuola- 
tion {1544,2158}. The nuclei are typically 


of low grade {2508,2711}, although rare 
tumours with high-grade nuclei and sar- 
comatoid change have been described 
{366,2216}. The stroma has basophilic to 
(occasionally) eosinophilic mucin, com- 
monly with a bubbly appearance {871, 
2158}. Immunohistochemically, the tu- 
mour cells are generally positive for CK7, 
PAX2, and AMACR {1928,2134}. 


Genetic profile 

Comparative genomic hybridization 
studies of typical low-grade tumours 
show multiple chromosomal losses, in- 
cluding loss of chromosomes 1, 4, 6, 8, 
9, 13, 14, 15, and 22 {2270}. Cytogenetic 
analysis of one high-grade tumour with 
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Fig. 1.35 Mucinous tubular and spindle cell carcinoma. The tumour is composed of tubular cells, which are commonly 
elongated or cord-like, and spindle cells with bland nuclei; abundant mucin is observed in the stroma. 


sarcomatoid change showed losses of 
chromosomes 14 and 15, and gains of 
chromosomes 2, 5, 7, 9, 10, 12, 17, 19, 
20, 22, and X {701}. 


Prognosis and predictive factors 

Most tumours have an indolent course 
{1554,2158,2508}. Recurrence is rare 
{2270}. Metastasis to lymph nodes has 
been reported {2508,2711,2790). Tu- 
mours with high-grade transformation 
may show distant metastasis and can be 
fatal {366,1544,2528}. A few cases of tu- 
mours with typical bland morphology and 
metastasis have been described {2711, 
2790}. 
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Tubulocystic renal cell carcinoma 


Definition 

Tubulocystic renal cell carcinoma (RCC) 
is an uncommon cystic renal epithelial 
malignancy {83}. 
ICD-O code 8316/3 
Epidemiology 

This tumour constitutes < 1% of all re- 
nal carcinomas. There is a male pre- 
dominance, and patient age ranges from 
30 to 94 years, with a mean of 58.4 years 
{49,1530}. 


Clinical features 

As many as 60% of these tumours are 
discovered incidentally. Symptoms in- 
clude abdominal pain and haematuria, 
and rare cases occur in kidneys with 
end-stage renal disease {3090}. 


Localization 

Tubulocystic RCC is more commonly 
seen in the left kidney (in 70% of cases) 
and typically involves the renal cortex or 
corticomedullary junction {83}. 


Fig. 1.36 Tubulocystic renal cell carcinoma. Macroscopic 
appearance of tubulocystic renal cell carcinoma, with a 
multitude of small cysts. 
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Fig. 1.37 Tubulocystic renal cell carcinoma. Cystic tumour divided by septa of varying thickness; spaces are empty; no 


intraluminal papillary proliferation is seen. 


Macroscopy 

The majority of tumours present as a 
solitary, well-circumscribed multicystic 
renal mass, 0.7-17 cm in diameter, with 
a mean diameter of 4.2 cm. The tumours 
are composed of multiple small to inter- 
mediate-sized cysts and have a white, 
spongy cut surface {165,1547,2590}. 


Histopathology 

The tumour is composed of small to inter- 
mediate-sized tubules admixed with larg- 
er cysts, which are lined by a single layer 
of flattened, cuboidal/columnar, and hob- 
nail epithelium. The nuclei are enlarged 
and irregular, with intermediate to large 
(WHO / International Society of Urological 
Pathology [ISUP] grade 3) nucleoli. Cyto- 
plasmic features include abundant eo- 
sinophilic oncocytoma-like aspects. The 
stroma is fibrotic. Components identical 
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to those of papillary RCC can exist. The 
diagnosis of tubulocystic RCC should 
be restricted to tumours with the classic 
histological features {2590}. Tubulocystic 
RCC can contain poorly differentiated or 
sarcomatoid areas {259,1547}. 


Genetic profile 

Tubulocystic RCC shows gains of chro- 
mosomes 7 and 17 and loss of the Y 
chromosome, suggesting a close rela- 
tionship with papillary RCC {472,3010, 
3090}. 


Prognosis and predictive factors 

The majority of tubulocystic RCCs be- 
have indolently. Of the 70 reported cas- 
es, only 1 case recurred and only 4 cas- 
es metastasized {39,83,3010,3090}; 
metastatic sites include bone, liver, and 
pelvic lymph nodes. 


Acquired cystic disease—associated 


renal cell carcinoma 


Definition 

Acquired cystic disease-associated 
renal cell carcinoma (RCC) is the most 
common tumour in the kidneys of pa- 
tients with end-stage renal disease and 
acquired cystic disease. The tumour is 
characterized by variable morphological 
patterns, microcystic (sieve-like) archi- 
tecture, and abundant intratumoural oxa- 
late crystal deposition. 
ICD-O code 8316/3 
Epidemiology 

These tumours constitute 36% of all epi- 
thelial neoplasms arising in end-stage 
renal disease {2717}. 


Clinical features 

This tumour occurs exclusively in patients 
with acquired cystic disease {2717}, 
most commonly in patients undergoing 
long-term haemodialysis {800,2044}. 


Localization 


Acquired cystic disease-associated 
RCC is often bilateral. 


Macroscopy 

In a background of multiple cysts in the 
kidney, many tumours appear to arise 
within such cysts, whereas others are not 
related to the cysts. Multifocality is ob- 
served in > 50% of cases and bilateral- 
ity in > 20% of cases {2590,2717}. The 
tumour is well circumscribed and the cut 
surface is tan to yellow, with occasional 
haemorrhage or necrosis. 


Histopathology 

The tumour shows a variety of growth 
patterns, often in various combinations 
within the same tumour, including acinar, 
alveolar, tubular, multicystic, papillary, 
and solid {580,2590,2717}. The most 
consistent finding is the presence of in- 
tra- or intercytoplasmic lumina or holes 
imparting a cribriform/microcystic/sieve- 
like architecture. The tumour cells show 
abundant eosinophilic cytoplasm and 
prominent nucleoli {256,580,2590,2717}. 
Variable and sometimes prominent clear 
cell cytology may also be present {256, 
1553,2717}. Calcium oxalate crystals 
are commonly, but not always, observed 
in the stroma {800,2121,2590,27 17}. 
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Fig. 1.38 Acquired cystic disease-associated renal cell carcinoma, A Atypical combination of papillary and tubular a 
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Tumours with sarcomatoid or rhabdoid 
features have been reported {1552, 1553, 
2717}. Immunohistochemically, expres- 
sion of RCC marker, CD10, and AMACR 
is common. In contrast, CK7 is typically 
not expressed {256,2717}. 


Genetic profile 

Microarray-based comparative genomic 
hybridization and FISH studies have 
shown gains of the sex chromosomes 
and chromosomes 3, 7, 16, and 17. The 
high prevalence of gains of the Y chro- 
mosome and chromosomes 3 and 16 
distinguishes this tumour from papillary 
RCC, with which acquired cystic dis- 
ease—associated RCC has often been 
confused {1539,1555,2121}. 


Prognosis and predictive factors 
Indolent clinical behaviour is the norm, 
likely because of early detection of tu- 
mours in patients on periodic follow-up 
imaging analyses for chronic renal fail- 
ure. However, tumours with sarcomatoid 
or rhabdoid features, and occasionally 
those with typical features, can metasta- 
size {256,1552,2590,2717}. 


of intratumoural oxalate crystals. B The typical cytological appearance of cells with abundant eosinophilic cytoplasm and prominent nucleoli. Intra- and intercytoplasmic Ilumina or 
holes often impart a cribriform or sieve-ike appearance to the tumour. 
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Clear cell papillary renal cell carcinoma 


Definition 

Clear cell papillary renal cell carcinoma 
(RCC) is an indolent renal epithelial neo- 
plasm composed of bland clear epithelial 
cells arranged in tubules and papillae, 
with at least a predominantly linear nu- 
clear alignment away from the basement 
membrane and a distinctive immunophe- 
notype {160,1003,27 17}. 
ICD-O code 8323/1 
Synonyms 

Clear cell tubulopapillary renal cell car- 
cinoma {160}; renal angiomyoadenoma- 
tous tumour (obsolete) {1888, 1890} 


Epidemiology 
This tumour accounts for 1-4% of all re- 
sected renal tumours {50,2962,3084}. It 
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Fig. 1.39 Clear cell papillary 
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affects patients aged 18-88 years, with 
no sex predilection. The tumour arises 
sporadically and with end-stage renal 
disease and von Hippel-Lindau syn- 
drome {160,1003,2717}. 


Clinical features 

These tumours are typically detected 
incidentally, in asymptomatic patients. 
Some patients have abdominal or flank 
pain {3084}. 


Localization 
The tumours are usually located in the 
renal cortex. 


Macroscopy 

The tumours are often small, well circum- 
scribed, and encapsulated {13,50,160}. 
Cystic change is common. More than 
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95% of the tumours are pT1 at presenta- 
tion. Rare multifocal or bilateral tumours 
have been reported {160,2343,2962}. 
Surface colouration is variable and ne- 
crosis is absent. 


Histopathology 

Tubular, papillary, acinar, cystic, ribbon- 
like, and solid patterns are seen in vary- 
ing proportions {160,2146,3084}. Tumour 
cells are cuboidal to low columnar, with 
round, generally uniform nuclei with in- 
conspicuous nucleoli arranged linearly, 
away from the basal aspect {160,1890, 
3084}. Most tumours are of WHO / Inter- 
national Society of Urological Pathology 
(ISUP) grade 1 or 2. Apical snouts of clear 
cytoplasm are seen. Occasional groups 
of larger cells may be seen {2962}. Eo- 
sinophilic secretions are often present. 
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by clear cells are associated with smooth muscle stroma; compressed and collapsed tubules 


are seen on the left. B Small tubules and papillae composed of clear cells with uniform nuclei show a linear arrangement away from the basal membrane. C Cells display carbonic 
anhydrase IX positivity with a cup-like distribution. D Strong diffuse CK7 staining is noted. 
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Fibrous and/or smooth muscle stroma in 
varying amounls is noted. Some tumours 
with this specirum of histology and a 
predominant smooth muscle component 
(which were previously referred to as re- 
nal angiomyoadenomatous tumours) are 
now recegnized as examples of this en- 
tity. Tumour necrosis, perirenal invasion, 
and lyrriphovascular invasion are absent. 
The tumour cells have diffuse CK7 posi- 
tivity, Carbonic anhydrase IX positivity 
in cup-like distribution, and racemase 
negativity {160,27 17,2962}. PAX2, PAX8, 
and 34BE12 are positive, and CD10 is 


typically negative or focally positive 
Clear cell papillary RCC can have a col- 
lapsed acinar-like pattern, solid architec- 
ture, and prominent delicate vascular- 
ity, resembling clear cell RCC (ccRCC). 
Conversely, ccRCC can show focal clear 
cell papillary-like areas. Caution should 
be exercised in diagnosing cases with 
limited needle biopsy sampling. 


Genetic profile 

The tumours have molecular profiles dis- 
tinct from those of ccRCC and papillary 
RCC —- {160,881, 1003, 1603, 1979, 2343}. 


Unclassified renal cell carcinoma 


Definition 

Unclassified renal cell carcinoma (RCC) 
is not a distinct type of RCC but a diag- 
nostic category for tumours that do not 
readily fit into any of the recognized sub- 
types of RCC. Histologically, it could be 
low- or high-grade. 
ICD-O code 8312/3 
Epidemiology 

These tumours constitute a markedly 
heterogeneous group of carcinomas, 
and because not all of these cases are 
reported in the literature, the true inci- 
dence and other clinicopathological 
data are not available. These tumours 
generally account for < 5% of RCCs in 
reported series. Patient age ranges from 
21 to 91 years, and about 55% of the re- 
ported cases occurred in men {1709}. 
The mortality rate is 1.7 times that of 
ccRCC {1387}. 


Clinical features 
Clinical features and imaging presen- 
tation are similar to those of other RCC 
subtypes. Most patients present at an 
advanced clinical stage {319,589,1243, 
1387,1709,3096}. 


Localization 
The localization of unclassified RCC is 
similar to that of other RCC subtypes. 


Macroscopy 
Unclassified RCCs are usually large and 


extensively involve the kidney; about 
60% of these tumours have a diameter 
> 7 cm at presentation {1709}. 


Histopathology 

Unclassified RCCs have histological 
features that do not resemble those of 
any of the well-characterized RCC sub- 
types {1709}. Tumours that may be in- 
cluded in this category include those 
with a combination of features of more 
than one recognized subtype, with mu- 
cin production, or with unrecognized 
epithelial cell subtypes; low- or high- 
grade unclassified oncocytic neoplasms; 
and other unclassifiable renal tumours. 
Tumours with pure sarcomatoid mor- 
phology and no recognizable epithelial 
component could be placed in this cat- 
egory given that sarcomatoid carcinoma 
is not recognized as a separate distinct 
entity. Vascular lymphatic invasion and 
necrosis are common {1709}. Clinico- 
pathological correlation is recommend- 
ed, to rule out metastasis from other 
sites. Invasive urothelial carcinoma and 
metastatic carcinoma from other sites 
must be ruled out before this diagnosis 
is made. Immunohistochemistry is useful 
to support renal histogenesis; markers 
include PAX8, PAX2, RCC marker, and 
CD10 {2675}. 


Genetic profile 

Molecular studies are limited. Due to the 
heterogeneous nature of the tumours in 
this category, no consistent abnormalities 
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Comparative genomic hybridization has 
revealed differences between clear cell 
papillary tumours occurring sporadically 
and those occurring in end-stage renal 
disease {13,128 1} 


Prognosis and predictive factors 

For the cases reported to date, no local 
recurrence or metastasis has been docu- 
mented {1549,2590}, 
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of prognostic or diagnostic significance 
have been documented. These tumours 
tend to have marked genetic instability 
{492,1243}. 


Prognosis and predictive factors 

Although few data are available, the out- 
come is often associated with nuclear 
grade and stage at presentation. Some 
of these tumours have a poor prognosis, 
due to their high grade and high stage 
at presentation {589,1243,1387,1709, 
3096}. Some reports indicate that unclas- 
sified RCCs may be more aggressive 
than matched ccRCCs {589,1387,1441, 
1705,1709,3096}, with lymph node or 
distant metastases at diagnosis {1387, 
14413096}. Independent prognostic 


pathological features of disease-free and 
cancer-specific survival include nuclear 
grade, TNM classification, tumour coag- 
ulative necrosis, tumour size, and micro- 
vascular invasion {1709}. 
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Unclassified renal cell carcinoma 


Papillary adenoma 


Definition 

Papillary adenomas are unencapsulated 
tumours with papillary or tubular archi- 
tecture of low WHO/ International Society 
of Urological Pathology (ISUP) grade and 
a diameter < 15 mm. A diagnosis of pap- 
illary adenoma based on needle biopsy 
should be made with extreme caution, 
because the presence of any capsule or 
grade heterogeneity issues may not be 
visualized. 
ICD-O code 8260/0 
Epidemiology 

Detailed sectioning of autopsy kidneys 
has detected papillary adenomas in 10% 
of individuals aged 21-40 years and 40% 
of those aged 70-90 years {1048}. Papil- 
lary adenomas occur more commonly in 
the kidneys of patients with renal vascular 
disease, and their occurrence has been 
positively correlated with chronic tobac- 
co use {2994}. Papillary adenomas are 
common in patients on long-term haemo- 
dialysis and have been reported in 33% 
of patients with acquired cystic disease. 
In one study, papillary adenomas were 
found in 14% of patients undergoing 


Fig. 1.41 Multiple renal papillary adenomas. 
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transplantation for end-stage renal dis- 
ease {691}. Papillary adenomas have 
been reported in kidneys bearing renal 
cell carcinomas {497} and are common 
in the kidneys of patients with hereditary 
papillary renal cancer {2098}. 

Until 2015, renal adenomas were defined 
as tumours measuring < 5 mm. The deci- 
sion to increase the size cut-off point of 
papillary adenomas to 15 mm was based 
on evidence that unencapsulated WHO/ 
ISUP low-grade (grade 1-2) tumours of 
this size have virtually no capacity to me- 
tastasize {2787A}. 


Clinical features 

Although high-definition imaging tech- 
niques facilitate the detection of some 
papillary adenomas, virtually all papillary 
adenomas are clinically silent and dis- 
covered as incidental findings. 


Localization 
Papillary adenomas arise in the renal 
cortex. 


Macroscopy 
Papillary adenomas arise in the renal 
cortex and are often subcapsular; larger 


Eble J. Delahunt B. 
Moch H. Martignoni G. 
Amin M.B. Srigley J.R. 
Argani P. Tan P.H. 
Cheville J. Tickoo S.K. 


adenomas are often wedge-shaped, with 
the base at the cortical surface. Rarely, 
numerous papillary adenomas may be 
present, in which case the term “renal 
adenomatosis" is applied. 


Histopathology 

Papillary adenomas show papillary, tu- 
bular, or tubulopapillary architecture. 
Adenoma cells have predominantly pale 
and scanty cytoplasm. The nuclei are 
round to oval, with stippled to clumped 
chromatin. There is minimal nuclear pleo- 
morphism, the nucleoli are inconspicu- 
ous, and mitotic figures are absent or 
rare. Foamy macrophages and psam- 
moma bodies may be present. Small 
papillary adenomas are unencapsulated 
and blend with adjacent benign tubular 
epithelium {2290}. In rare instances, ad- 
enomatous proliferation is confined to the 
Bowman capsule {2292}. 

Most adenomas show positive expres- 
sion of epithelial membrane antigen, low- 
molecular weight cytokeratins, and high- 
molecular weight cytokeratins. There is 
usually expression of AMACR {1199}. 
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Genetic profile 

Papillary adenomas often show trisomy 7 
and 17, as well as loss of the Y chromo- 
some {361,1056}. 


Oncocytoma 


Definition 

Oncocytoma is a benign epithelial tu- 
mour with solid, solid-nested, or (rarely) 
cystic architecture, composed predomi- 
nantly of large eosinophilic cells packed 
with mitochondria. 
ICD-O code 8290/0 
Epidemiology 

Oncocytoma accounts for approximately 
5-9% of all renal cells neoplasms. The 
patient age range is broad; most pa- 
tients are 24-91 years of age, with peak 
incidence in the seventh decade of life. 
The male-to-female ratio is about 2:1 {79, 
1066,2181,2746}. 


Clinical features 


Signs and symptoms 

lhe majority of oncocytomas are asymp- 
tomatic, detected on radiological inves- 
tigations for unrelated symptoms. Only 
a few patients present with haematuria, 
flank pain, dysurla, weight loss, and (oc- 
casionally) a palpable abdominal mass 
{79,645,2181 2746}. 


Prognosis and predictive factors 

Papillary adenomas are more common in 
kidneys bearing papillary renal cell car- 
cinomas than in normal kidneys {1340, 
2908}. Papillary adenoma detected inci- 
dentally on imaging studies should show 


Imaging 

No radiological feature is specific for on- 
cocytoma. A diagnosis of oncocytoma 
may be suggested by the presence of 
a stellate scar visualized on CT, ultra- 
sonography, or MRI, but this feature may 
also be seen in other slow-growing renal 
tumours {514}. 


Tumour spread and staging 

Oncocytoma is usualy well circum- 
scribed, with pushing margins; how- 
ever, infiltrative margins can sometimes 
be seen, with extension into perirenal or 


Fig. 1.44 Large, well-demarcated renal oncocytoma 
with a central scar. The cut surface is yellowish/tan and 
slightly lobulated, with small haemorrhages. 


no significant growth when followed seri- 
ally. Current protocols, which define pap- 
illary adenomas as being < 5 mm in size, 
state that the presence of papillary ade- 
noma in a donor kidney is not a contrain- 
dication for renal transplantation {757}. 
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renal sinus fat. Macroscopic extension 
into the vessels is very rare {1195}. Onco- 
cytomas are benign neoplasms that need 
not be staged. They are usually solitary, 
but may be multifocal and/or bilateral. 


Localization 

Oncocytomas are localized in the cortex; 
however, larger tumours may be seen 
protruding into the perinephric fat or ex- 
panding into the medulla, renal sinus, or 
even the large renal vein branches. 


Macroscopy 

The cut surface varies from typically ma- 
hogany brown to tan or yellow. A central 
stellate scar is commonly present, or a 
scar may be located eccentrically or in 
the periphery of the tumour, Grossly vis- 
ible haemorrhage may be present, but 
necroses are extremely rare {79,645, 
1066, 1195,2181,2746}. 


Histopathology 

The morphology of oncocytoma is highly 
variable. Solid-nested architecture and 
small islands of oncocytic cells within 
loose hypocellular connective tissue are 
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characteristic patterns. Although papil- 
lary architecture is absent in oncocyto- 
mas, small focal papillary protrusions 
can be seen within tubular or cystic areas 
in rare cases. Stroma may be inconspic- 
uous or may be a predominant compo- 
nent of the tumour. Rarely, foci of dys- 
trophic calcification or even ossification 
may be present. Compositions of mainly 
micro-/macrocysts are also common {79, 
645,2181,2746}. Oncocytomas are com- 
posed of large, mostly round, eosino- 
philic cells (oncocytes). Their cytoplasm 
is densely granular; the nuclei are usu- 
ally round and regular, with small but vis- 
ible nucleoli. Binucleated cells are often 
present. A population of small cells with 
scanty cytoplasm (so-called oncoblasts) 
is usually present around the scar or at 
the edge of the epithelial islands {755}. 
Rare cases of oncocytomas composed 
almost exclusively of oncoblasts have 
been described. In such cases, pseudo- 
rosette formations of small cells packed 
around hyaline material may be present 
(1193,1512,2198}. In some cases, clus- 
ters of bizarre cells with pleomorphic and 
hyperchromatic nuclei are present within 
otherwise typical oncocytoma; these are 
thought to be degenerative. Mitoses are 
exceptionally rare, and atypical mitoses 
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are absent. Foci of coagulative necrosis 
are also absent {79,645,2181,2746}. 


Oncocytosis (oncocytomatos/s) 

Rarely, the kidney can be affected by 
numerous oncocytomas or oncocytic le- 
sions. Clusters of oncocytic cells within 
interstitium, oncocytic Change in benign 
tubules, and cysts lined by oncocytic 
cells may also be present {1002,2718, 
2922}. Chromophobe renal cell carcino- 
mas and/or tumours with hybrid onco- 
cytic/chromophobe morphology can be 
found in the background of oncocyto- 
sis. It is now believed that most of these 
cases are related to Birt-Hogg—Dubé 
syndrome. 


The immunohistochemical profile of on- 
cocytomas is variable. Oncocytomas 
are typically positive for KIT, E-cadherin, 
S100A, pancytokeratin, and low-—mo- 
lecular weight cytokeratins. CK7 is usu- 
ally negative, although scattered strongly 
focally positive cells may be present. 
Vimentin is generally negative in onco- 
cytes, but focal strong positivity in onco- 
cytes can be present within areas around 
the central scar, stroma, and/or small 
cells (oncoblasts) {1194,3089}. Occa- 
sional positivity for renal cell carcinoma 
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antigen, epithelial cell adhesion mole- 
cule, CD10, parvalbumin, and racemase 
has been reported (1799,2945,3089}. 
Hale colloidal iron staining is either nega- 
tive or is only positive in the luminal as- 
pect of oncocytic cells {2715}. 


Genetic profile 

Oncocytomas have a variable genetic 
profile, and mosaicism is common. Com- 
mon molecular genetic abnormalities in- 
clude loss of chromosome 1 (in whole or 
in part) combined with loss of the Y chro- 
mosome, rearrangements of 11q13 - 
most commonly translocation t(5;11) 
(q35;q13) - and deletion of chromosome 
14 (593,933, 1669,2130,2207 2244}. 
However, cases with a normal karyotype 
are also common {933}. 


Genetic susceptibility 

Oncocytomas are sporadic tumours with 
no known genetic susceptibility, except 
when seen in association with Birt-Hogg- 
Dubé syndrome, an autosomal dominant 
disorder associated with mutation of the 
folliculin (FCLN) gene {2169,3058}. 


Prognosis and predictive factors 
Oncocytomas are believed to be benign 
tumours. 
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Metanephric tumours 


Metanephric adenoma 


Definition 

Metanephric adenoma is a highly cellular 
epithelial tumour composed of small, uni- 
form, embryonic-looking cells. 
ICD-O code 8325/0 
Epidemiology 

More than 100 cases of metanephric ad- 
enoma have been reported, in patients 
ranging from young children to the elder- 
ly. In various series, the median patient 
age at presentation was about 50 years, 
with most cases occurring in the fifth or 
sixth decade of life {164,198,644}. Two 
thirds of the cases of metanephric ad- 
enoma have been in female patients. Me- 
tanephric adenoma can be seen in the 
kidneys of children {359}. 


Etiology 

Metanephric adenoma was initially con- 
sidered to be derived from persistent 
blastema, but it has also been suggested 
that metanephric adenoma constitutes 
maturation of nephroblastoma (also 
called Wilms tumour). This theory is sup- 
ported by the immunophenotype seen in 
metanephric adenoma, which parallels 
that of differentiated nephroblastoma 
and nephrogenic rests {1972}. 


Clinical features 
The discovery of metanephric adeno- 
mas is often incidental, but the typical 
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and intraluminal tufts, producing glomeruloid structures. 


Fig. 1.47 Metanephric adenoma. 


presenting features are haematuria, py- 
rexia, abdominal mass, and flank pain 
{644,1972}. About 10% of patients have 
polycythaemia {198,644}, presumably in- 
duced by tumour-derived erythropoietin 
and cytokines. The polycythaemia usu- 
ally disappears after resection {3033}. 


Localization 
Metanephric adenoma occurs 
kidney. 


in the 


Macroscopy 

Metanephric adenomas vary widely in 
size. Most are 3-6 cm in diameter, al- 
though tumours as large as 15 cm in 
diameter have been described {644}. 
Metanephric adenomas are well circum- 
scribed and usually abut directly against 
normal renal tissue, although a thin par- 
tial pseudocapsule may rarely be seen 
Multifocality is rare {1473}, and all report- 
ed tumours have been unilateral. On sec- 
tioning, metanephric adenomas are solid 
and tan to grey, and may be soft or firm. 
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Haemorrhage and focal necrosis may be 
present, particularly in larger tumours. 
Cystic degeneration is seen in 10% of 
metanephric adenoma, and in one case, 
the tumour was entirely cystic {644}. Cal- 
cification is often seen macroscopically 
and may be extensive. 


Histopathology 

Histologically, metanephric adenoma is 
typically highly cellular and composed 
of tightly packed small, uniform, round 
acini. Because the acini and their lumens 
are so small, at low magnification this 
pattern may be mistaken for a solid sheet 
of cells. Long branching and angulated 
tubular structures are also common. 
The stroma ranges from inconspicuous 
to loose and oedematous. A hyalinized 
scar, microcyst formation, or focal osse- 
ous metaplasia of the stroma is present 
in 10-20% of the tumours {644}. Approxi- 
mately 50% of metanephric adenomas 
contain papillary structures, often con- 
sisting of short blunt papillae reminis- 
cent of immature glomeruli, growing into 
minute papillary structures. In most of 
these, no blood vessel is visible. Psam- 
moma bodies are common and may be 
numerous, and there may be dystrophic 
calcification in hyalinized areas. The 
junction with the kidney is usually abrupt 
and without a pseudocapsule. The cells 
of metanephric adenoma have small, 
uniform nuclei with absent or inconspicu- 
ous nucleoli. The nuclei are only slightly 
larger than lymphocytes and are round 
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Fig. 1.49 Metanephric adenoma. The tumour sl 


or oval and have delicate chromatin. 
The cytoplasm is scant and pale or light 
pink. Mitotic figures are absent or rare. 
Metanephric adenoma usually shows dif- 
fusely positive nuclear staining for WT1. 
Staining for CD57 is also commonly 
positive. Negative reactions for desmin, 
AMACR, and epithelial membrane an- 
tigen are typical. CK7 may be negative 
or focally positive, with expression usu- 
ally present in elongate tubules {1972}. 
Positive staining for cytokeratin AE1/AE3, 
CAM5.2, CK18, and vimentin has also 
been reported {164,1473,1972}. 


Genetic profile 

In most studies, metanephric adenoma 
has shown a normal genotype or no 
consistent abnormalities {2660}. These 
tumours lack the gains of chromosomes 
7 and 17 and the loss of chromosome Y 
that are typical of papillary renal cell car- 
cinoma and common in nephroblastoma 
{362,2124}. The V600E mutation of BRAF 
is present in approximately 90% of meta- 
nephric adenoma {515,1447A, 
2218A,2768A.}. 


Prognosis and predictive factors 
Metanephric adenoma appears to be a 
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Flg. 1.50 Metanephric adenofibroma. í 
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benign tumour, Involvement of a regional 
lymph node has been described, but 
was interpreted as passive seeding rath- 
er than metastatic spread {2135}. 


Metanephric adenofibroma 


Definition 

Metanephric adenofibroma is a biphasic 
neoplasm in which a spindle cell compo- 
nent that is morphologically identical to 
metanephric stromal tumour is combined 
with an epithelial component that is mor- 


phologically identical to metanephric 
adenoma. 
ICD-O code 9013/0 
Synonym 


Nephrogenic adenofibroma 


Epidemiology 

Patients with metanephric adenofibroma 
have ranged in age from 13 months to 
36 years, with a median age of about 
7 years {142,1166}. 


Clinical features 
Metanephric 


adenofibromas have 
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nent (bottom) is identical to metanephric adenoma, and the 


stromal component (top) is identical to metanephric stromal tumour. 
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presented with polycythaemia in 4 of 14 
cases and haematuria in 3 of 14 cases 
{142,1166,2221 2765}. 


Localization 
Metanephric adenofibromas occur in the 
kidney. 


Macroscopy 

Metanephric adenofibromas are typically 
solitary, tan, partially cystic masses with 
indistinct borders {142,1166}. 


Histopathology 

The relative proportions of the spindle 
cell and epithelial components vary. The 
border of the tumour with the kidney is 
typically irregular and the spindle cell 
component entraps native renal struc- 
tures. The stroma of metanephric ad- 
enofibroma commonly labels for CD34 
{142}. The epithelial elements label simi- 
larly to metanephric adenoma. 
Composite cases in which epithelial mi- 
totic activity, nephroblastoma, or renal 
cell carcinoma is associated with meta- 
nephric adenofibroma have been report- 
ed {142,942}. The undifferentiated renal 
cell carcinoma component of one such 
case metastasized and killed the patient 
within 2 months {942}. 


Prognosis and predictive factors 
Uncomplicated metanephric adenofibro- 
ma is benign. 


Metanephric stromal tumour 


Definition 

Metanephric stromal tumour is a rare be- 
nign renal neoplasm composed of mod- 
erately cellular spindle cells identical to 
the stromal component of metanephric 
adenofibroma. 


ICD-O code 8935/1 


—— 
10m 


Fig. 1.51 Metanephric stromal tumour. The tumour is 
greyish white and multinodular. 
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Fig. 1.52 Metanephric stromal tumour. A The concentric stromal growth around native renal tubules is apparent at low magnification. B There is a mixture of spindled and epithelioid 
stromal cells. C An example of angiodysplasia with concentric growth of stromal cells around the blood vessel. D Glial differentiation associated with entrapped tubular epithelium 
demonstrating embryonal hyperplasia (glial epithelial complexes). 


Epidemiology 

Metanephric stromal tumour occurs in 
infancy and early childhood (at a mean 
patient age of 24 months) (123}, with rare 
cases in adults (289,445}. 


Clinical features 

Metanephric stromal tumours have typi- 
cally presented as an abdominal mass or 
with haematuria and can be associated 
with manifestations of extrarenal vascu- 
lopathy, such as hypertension or haem- 
orrhage {123}. 


Localization 
Metanephric stromal tumours occur in the 
kidney, with localization in the medulla. 


Macroscopy 

Metanephric stromal tumours are typi- 
cally tan, lobulated, fibrous masses. They 
are cystic in about half of all cases. 


Histopathology 

Metanephric stromal tumour is an unen- 
capsulated infiltrative tumour of spindle 
and epithelioid cells featuring thin, hy- 
perchromatic nuclei and thin, indistinct 
cytoplasmic extensions. Metanephric 
stromal tumour characteristically entraps 
renal tubules and blood vessels to form 
concentric onionskin collarettes around 
these structures, with a myxoid back- 
ground. More cellular, less myxoid spin- 
dle cell areas are found at the periphery 
of these collarettes and show strong 
CD34 positivity. Most tumours induce 
angiodysplasia of entrapped arterioles, 
consisting of epithelioid transforma- 
tion of smooth muscle cells and myxoid 
changes. One quarter of all metanephric 


stromal tumours feature juxtaglomerular 
cell hyperplasia within the entrapped glo- 
meruli, which may occasionally lead to 
hypertension. Some metanephric stromal 
tumours demonstrate heterologous dif- 
ferentiation in the form of cartilage, glia, 
or adipocyte tissue. In addition to CD34, 
metanephric stromal tumour is positive 
for vimentin, but negative for smooth 
muscle actin, desmin, cytokeratin, and 
$100. 


Genetic profile 

In one case, a complex chromosomal re- 
arrangement involving chromosome 17q 
was reported {2737}. 


Prognosis and predictive factors 

The reported metanephric stromal tu- 
mours have had a benign course, with 
no metastasis. Excision of the tumour is 
adequate therapy. A single case with re- 
currence has been described {666}. In 
rare cases, the manifestations of extra- 
renal angiodysplasia apparently induced 
by metanepliric stromal tumour have re- 
sulted In morbidity or mortality. 
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Nephroblastic and cystic tumours 
occurring mainly in children 


Nephrogenic rests 


Definition 

Nephrogenic rests are abnormally per- 
sistent foci of embryonal cells (still pre- 
sent after 36 weeks of gestation) that 
are potentially capable of developing 
into nephroblastoma (also called Wilms 
tumour). The presence of diffuse or 
multifocal nephrogenic rests is called 
nephroblastomatosis. 


Epidemiology 

Nephrogenic rests are found in 25-40% 
of patients with nephroblastoma, and in 
approximately 1% of term infant autop- 
sies (217,219,220,1167}. 


Histopathology 

Nephrogenic rests can be found adjacent 
to nephroblastoma or in the surrounding 
renal parenchyma. They are classified 
into perilobar and intralobar types. Each 
type may be further subclassified into in- 
cipient or dormant, regressing or scleros- 
ing, obsolescent, or hyperplastic. Only 
one reported perilobar nephrogenic rest 
has shown anaplasia {124}. 

Perilobar nephrogenic rests are usu- 
ally well demarcated and located at the 
periphery of the renal lobe. Untreated 
cases have no capsule and contain blas- 
temal and epithelial elements, whereas 
the stroma is sparse or sclerotic. Rarely, 
perilobar nephrogenic rests form a thick 
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Fig. Perilobar nephrogenic rest. A A well-demarcated, lens-shaped 
within an otherwise sclerosing perilobar nephrogenic rest. 


band (a so-called crust) replacing the 
renal cortex, resulting in massive renal 
enlargement (diffuse hyperplastic perilo- 
bar nephroblastomatosis) {2184}. Unlike 
perilobar nephrogenic rests, intralobar 
nephrogenic rests are typically located 
in the central areas of the lobe. They are 
often single or sparse and poorly de- 
marcated, usually infiltrate among native 
nephrons, and are composed mainly of 
stromal and epithelial elements. 


Genetic profile 

Many of the genetic alterations identified 
in nephroblastoma have also been found 
in nephrogenic rests {443}. 


Genetic susceptibility 

Perilobar nephrogenic rests are associat- 
ed with hemihypertrophy and overgrowth 
syndromes such as Beckwith-Wiede- 
mann syndrome. Intralobar nephrogenic 
rests are associated with Denys—Drash 
syndrome (which is associated with 
nephroblastoma, pseudohermaphrodit- 
ism, glomerulopathy, and renal failure) 


A. 


Table 1.05 Features distinguishing perilobar from intralobar rests; reprinted from Eble et al. {756A} 


subcapsular collection of primitive blastemal and tubular cells. B Note the 


A 


Argani P. 
Bruder E. 
Dehner L. 
Vujanic G.M 


and WAGR syndrome (Wilms tumour / 
nephroblastoma, aniridia, genitourinary 
anomalies, and mental retardation syn- 
drome) {343,927}. 


Prognosis and predictive factors 

In children who have undergone ne- 
phrectomy for nephroblastoma, the pres- 
ence of nephrogenic rests (particularly 
perilobar nephrogenic rests in children 
< 1 year of age) indicates increased risk 
of developing contralateral nephroblas- 
toma {576}. 

Diffuse hyperplastic nephroblastoma- 
tosis is associated with a high risk of 
developing multiple nephroblastomas, 
as well as anaplastic nephroblastomas. 
Chemotherapy reduces the compressive 
burden of nephroblastic tissue, which 
enables normalization of renal function 
and reduces the number of proliferating 
cells that may progress to nephroblas- 
toma. These lesions must be carefully 
monitored for responsiveness to thera- 
py by serial imaging studies, to enable 
early detection of nephroblastoma {218}. 
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Fig, 1.55 A Hyperplastic perilobar nephrogenic rest. The centre of such le: 


native renal tubules. 


Promp! therapy (the nephron-sparing 
approach) can minimize the amounl of 
native kidney Ihal requires surgical exci- 
sion, thereby maximizing the preserva- 
tion of renal function. 


Nephroblastoma 


Definition 

Nephroblastoma is a malignant embryo- 
nal neoplasm derived from nephrogenic 
blastemal cells. It mimics developing 
kidney tissue and often shows divergent 
patterns of differentiation. 
ICD-O code 8960/3 
Synonym 

Wilms tumour 


Epidemiology 

Nephroblastoma affects approximately 
1 in 8000 children {342}. There is no 
clear sex predilection, and the tumours 
are equally common in both kidneys. 
The mean patient age at diagnosis is 
37 months among males and 43 months 


Table 1.06 Relative frequencies of paediatric renal 
malignancies 


Nephroblastoma (not anaplastic) 


Nephroblastoma (anaplastic) 

Congenital mesoblastic nephroma 4% 
Clear cell sarcoma of the kidney o 
Rhabdoid tumour 2% 


Renal cell carcinoma 


Miscellaneous paediatric renal malignancies 1-2% 
Neuroblastoma 
Primitive neuroectodermal tumour 
Synovial sarcoma 
Angiomyolipoma 
Lymphoma 
Other rare neoplasms 
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Table 1.07 Conditions associated with nephroblastoma; 
raprinted from Eble et al. {756A} 


WAGR syndrome (Wilms tumour / nephroblastoma, 
aniridia, genitourinary anomalies, and mental 


Hemihypertrophy 


‘Denys—Drash syndrome 


Familial nephroblastoma 


Frasier syndrome 


n—Golabi-B 


Renal or genital malformations 


fone 


Trisomy 18 


among females, and 98% of cases occur 
in individuals aged < 10 years, although 
presentation in adulthood does occur 
{340,640,2463}. 


Clinical features 


Signs and symptoms 

Nephroblastoma most commonly 
presents as an abdominal mass de- 
tected by parents. Abdominal pain, 
haematuria, hypertension, and acute 
abdominal crisis secondary to trau- 
matic rupture are less common. Rarer pre- 
sentations include anaemia, hyperten- 
sion due to increased renin production, 
and polycythaemia due to tumoural 
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erythropoietin production {640,719}. 
The majority of nephroblastomas are 
treated using therapeutic protocols cre- 
ated by either the International Society of 
Paediatric Oncology (SIOP) or the Chil- 
dren's Oncology Group (COG). The SIOP 
protocols advocate preoperative therapy 
followed by surgical removal. Prethera- 
peutic tumour biopsy for diagnosis is 
advocated in some countries, whereas 
chemotherapy is administered without 
previous biopsy in others. Preresection 
chemotherapy facilitates tumour shrink- 
age before resection, resulting in fewer 
intraoperative ruptures and more favour- 
able stage distribution (more stage |-II 
tumours). Postoperative chemotherapy is 
then determined by the histological evi- 
dence of responsiveness to therapy, as 
indicated by post-therapy classification 
{2888}. The COG (including the former 
National Wilms Tumour Study Group) 
advocates primary resection of the tu- 
mours, followed by therapy determined 
by the tumour’s histology and stage. This 
facilitates diagnosis of untreated tumours 
and provides the ability to stratify them 
according to biological parameters. Al- 
though the SIOP and COG protocols 
take different approaches, they have 
produced similar outcomes {2183,2887}. 


Imaging 

Nephroblastoma typically manifests as 
a solid mass of heterogeneous appear- 
ance distorting the renal parenchyma 
and collecting system. The lesion can 
be associated with foci of calcification 


{1733}. 


Tumour spread and staging 

Nephroblastomas generally have a re- 
stricted pattern of metastasis, most 
commonly to the regional lymph nodes, 
lungs, and liver {118}. Other metastatic 
sites such as bone or brain are unusual 


Nephrablastic and cystic tumours occurring mainly in children 49 


TŘ 


Table 1.08 Histological criteria for anaplasia 


Focal anaplasia 


* Clearly defined anaplasia within the primary tumour; it must be circumscribed and its perimeter completely 
examined (which may require mapping of anaplastic foci that extend to the edge of tissue sections) 


+ Anaplasia confined to the renal parenchyma 

+ Anaplasia not present within vascular spaces 

+ No severe nuclear pleomorphism or hyperchromasia (so-called severe nuclear unrest) in non-anaplastic tumour 
Diffuse anaplasia 


+ Non-localized (multifocal) anaplasia 


+ Anaplasia beyond the tumour capsule 
«Anaplastic cells in intrarenal or extrarenal vessels, renal sinus, extracapsular invasive sites, or metastatic deposits 


e Anaplasia that is focal, but with nuclear atypia approaching the criteria for anaplasia (so-called unrest nuclear 
change) present elsewhere in the tumour 


+ Anaplasia notclearly delimited from non-anaplastic tumour 


+ Anaplasia present in a biopsy or other incomplete tumour sample 


+Anaplasia not meeting criteria for focal anaplasia 


Table 1.09 Staging of paediatric renal tumours: Children’s Oncology Group (COG) and International Society of 
Paediatric Oncology (SIOP) 


Stage Definition 


Limited to the kidney and completely resected. The renal capsule is intact. Renal sinus soft 
tissue may be minimally infiltrated, without any involvement of the sinus vessels. The tumour 


COs: may protrude into the pelvic system without infiltrating the wall of the ureter. Intrarenal vessels 
may be involved. 
Like the COG definition, but no infiltration of the renal sinus soft tissues is permitted. Limited 
_ fo the kidney or surrounded with a fibrous pseudocapsule if outside the normal contours of the 
SIOP*: i i ; 3 r 
i kidney. The presence of necrotic tumour or chemotherapy-induced changes in the renal sinus 
or soft tissue outside the kidney does not upstage the tumour in a post-therapy kidney. 
The tumour infiltrates beyond the kidney, but is completely resected. 
COG ni : ae 
i aid The tumour penetrates the renal capsule or infiltrates soft tissues and vessels within the renal 
SIOP sinus (including the intrarenal extension of the sinus). The tumour infiltrates adjacent organs or 
vena cava but is completely resected. 
Gross or microscopic residual tumour confined to the abdomen. Includes cases with any of the 
following: 
+ Involvement of specimen margins, grossly or microscopically 
COG i : 
* Tumour in abdominal lymph nodes 
and $ me i . i 3 
SIOP + Any peritoneal contamination by direct tumour growth, tumour implants, or spillage into the 
peritoneum before or during surgery 
Il + Residual tumour in the abdomen 
«The tumour was removed non-contiguously (piecemeal resection) 
COG The tumour was surgically biopsied (including by fine-needle aspiration) before preoperative 
chemotherapy 
SIOP Necrotic tumour or chemotherapy-induced changes in a lymph node or at the resection 
margins. 
COG 
IV and Haematogenous metastases or lymph node metastasis outside the abdominopelvic region. 
SIOP 
COG $ $ ; x ; f 
V d Bilateral renal involvement at diagnosis. The tumours in each kidney should be separately 
Sop substaged in these cases. 


Fine-needle aspiration or percutaneous core needle (Tru-Cut) biopsy does not upstage the tumour, but the needle 
gauge should be mentioned to the pathologist. The presence of necrotic tumour or chemotherapy-induced change in 
the renal sinus and/or within the perirenal fat should not be regarded as a reason for upstaging a tumour, providing 
it is completely excised and does not reach the resection margins. Infiltration of the adrenal gland does not upstage 
the tumour if the external capsule of the adrenal gland is intact. In the liver, the tumour might be attached to the liver 
capsule and this should not be regarded as infiltration of the adjacent organ ~ the tumour should be regarded as 
stage III only if clear infiltration of the liver parenchyma is present. 
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and should suggest alternative diagno- 
ses. The most widely accepted staging 
systems for nephroblastomas rely on 
the identification of penetration of the re- 
nal capsule, involvement of renal sinus 
vessels, positive surgical margins, and 
positive regional lymph nodes; there are 
minor differences between the staging 
systems used by the SIOP and the COG. 
Although bilateral nephroblastomas are 
designated as stage V, their prognosis is 
determined by'the local stage of the most 
advanced tumour and by the presence 
or absence of anaplasia. 


Macroscopy 

Most nephroblastomas are unifocal. 
However, multifocal masses in a single 
kidney and bilateral primary lesions have 
been observed in 7% and 5% of cases, 
respectively {576}. Nephroblastomas are 
usually solitary, rounded, multinodular 
masses sharply demarcated from the 
adjacent renal parenchyma by a peritu- 
moural fibrous pseudocapsule. The cut 
surface of untreated tumours is most 
commonly pale grey or tan and has a 
soft consistency, although it may be firm 
and whorled if a large fraction of the le- 
sion is composed of mature stromal el- 
ements. Tumours treated with preopera- 
tive chemotherapy usually show areas of 
necrosis or may even be completely ne- 
crotic. Cysts may be prominent. Nephro- 
blastoma rarely occurs in extrarenal sites 
{7,2095). 


Histopathology 

Nephroblastomas characteristically con- 
tain undifferentiated blastemal cells and 
cells differentiating to various degrees 
and in variable proportions towards epi- 
thelial and stromal lineages. Triphasic 
patterns are the most characteristic, but 
biphasic and monophasic lesions are 


Nephroblastoma. A 
encapsulated lesion with a variegated cut surface 
reflecting multiple lines of differentiation. Adapted from 
Argani et al. {118}. 


Fig. 1.56 circumscribed, 


he 


Fig. 1.57 Nephroblastoma. A Classic triphasic growth pattern, including blastemal cells, stromal cells, and epitheli 


ae Be 


al differentiation with tubules and primitive glomeruli. B Diffuse 


blastemal pattern. C Serpentine blastemal pattern. D Primitive epithelial differentiation into tubules, with earlier forms resembling rosettes. 


often observed. Most of these compo- 
nents correspond to stages in normal 
or abnormal nephrogenesis, but heter- 
ologous nop-renal elements also occur 
{223}. 

Blastemal cells are small, closely 
packed, mitotically active, rounded or 
oval cells with scant cytoplasm. The nu- 
clei are characteristically overlapping, 
with evenly distributed, slightly coarse 
chromatin and small nucleoli. Several 
distinctive blastemal patterns have been 
described. The diffuse blastemal pattern 
is characterized ‘by a lack of cellular co- 
hesiveness and aggressive invasion into 
adjacent connective tissues and vessels, 
in contrast to the typical circumscribed, 
encapsulated, pushing border charac- 
teristic of most nephroblastomas. Other 
blastemal patterns are more cohesive. 
The nodular and serpentine blastemal 
patterns demonstrate round or undulat- 
ing, sharply defined cords or nests of 
blastemal cells set in a loose fibromyxoid 
stroma. Most nephroblastomas contain 
an epithelial component; early tubular 
forms resemble primitive rosette-like 
structures, but most contain easily rec- 
ognizable tubular or glomerular elements 
that recapitulate various stages of normal 
nephrogenesis. Heterologous epithelial 
differentiation most commonly consists 
of mucinous and squamous epithelium. 
Stromal patterns include smooth muscle 


and fibroblastic differentiation. Skeletal 
muscle is the most common heterolo- 
gous stromal cell type and may constitute 
large fields of the tumour. Other types of 
heterologous stromal differentiation in- 
clude adipose tissue, cartilage, bone, 
ganglion cells, and neuroglial tissue. The 
stromal component often predominates 
in nephroblastoma associated with in- 
tralobar nephrogenic rests, which often 
occur in young patients, while blastemal 
and epithelial components predominate 
in nephroblastomas associated with peri- 
lobar nephrogenic rests, which occur at 
older age {719}. 

Approximately 5-8% of nephroblastomas 
demonstrate anaplasia, defined as cells 
with huge hyperchromatic nuclei, as- 
sociated with multipolar ‘mitotic figures. 
The major dimensions of affected nuclei 
are at least 3 times the length of those 
of non-anaplastic nuclei in other areas of 
the specimen. Atypical mitotic figures are 
large, with each arm being larger than a 
normal metaphase plate. Anaplasia is 
rare during the first 2 years of life, and 
increases in prevalence to approximately 
13% by 5 years of patient age. It was 
previously thought that anaplasia was an 
indicator of increased resistance to adju- 
vant chemotherapy and not necessarily a 
marker of increased tumour aggressive- 
ness, so stage | anaplastic nephroblas- 
toma and nephroblastoma with limited 


intrarenal foci of anaplasia (focal anapla- 
sia) were predicted to have an excellent 
prognosis. This concept implied that the 
prognosis for a patient with anaplastic 
nephroblastoma was determined by the 
completeness of surgical removal of 
anaplastic cells. However, although ana- 
plasia remains associated with chemo- 
therapy resistance, more recent data on 
patients with stage | anaplastic nephro- 
blastoma have suggested that anaplasia 
is associated with increased aggressive- 
ness {717}. Regardless, the definition of 
focal anaplasia retains therapeutic impli- 
cations for current protocols. 

The diversity of cell lines and degrees 
of differentiation in nephroblastoma im- 
parts a correspondingly varied immu- 
nohistochemical profile. Blastemal cells 
may or may notlabel for cytokeratin, and 
typically show focal labelling for desmin, 
with negative results for other muscle 
markers. Various differentiating cell 
lines give results according to their pat- 
terns of differentiation. Immunoreactivity 
for WT1 protein (seen in approximately 
80% of cases) is typically limited to the 
blastema and epithelial components of 
nephroblastoma, with the stroma being 
negative. 

Chemotherapy-induced changes in- 
clude necrosis, xanthomatous histio- 
cytic foci, haemosiderin deposits, and 
fibrosis. Chemotherapy may also induce 
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maturation of blastemal, epithelial’ and 
stromal components, with striated muscle 
differentiation being the most common 
result. Remarkable responsiveness to 
chemotherapy has resulted in complete 
necrosis in some tumours; such cases 
are classified as being low-risk in the 
SIOP staging system and may receive 
minimal treatment after surgery {290}. In 
contrast, tumours that contain many blas- 
temal cells despite therapy have a worse 
prognosis and increased requirement for 
therapy. 


Genetic profile 

Approximately 10% of nephroblasto- 
mas develop in association with one of 
several well-characterized dysmorphic 
syndromes {516,1247,1613,2324,2460}. 
The WT1 gene located on chromosome 
11p13, encoding a zinc finger tran- 
scription factor that plays a pivotal role 
in renal and gonadal development, is 
involved in the pathogenesis of WAGR 
syndrome (Wilms tumour / nephroblas- 
toma, aniridia, genitourinary anomalies, 
and mental retardation syndrome) and 
Denys—Drash syndrome (which is as- 
sociated with pseudohermaphroditism, 
severe glomerulopathy, and nephroblas- 
toma). WAGR syndrome is associated 
with germline interstitial deletions of most 
or all of the 11p13 band, which imparts a 
30% chance of developing nephroblas- 
toma, whereas Denys—Drash syndrome 
is characterized by germline point mu- 
tations in the WT1 gene, which imparts 
a 90% chance of developing nephro- 
blastoma. Nephroblastomas in these 
patients typically show loss of the nor- 
mal WT1 allele, consistent with the role 
of W771 as a tumour suppressor gene. 
The WT1 gene is mutated in approxi- 
mately 20% of sporadic nephroblasto- 
mas. WT1-mutant nephroblastomas (but 
not W71-wildtype tumours) frequently 
harbour B-catenin mutations, A second 
nephroblastoma locus, which is implicat- 
ed in Beckwith-Wiedemann syndrome, 
maps to 11p15, where multiple imprinted 
candidate genes reside, including /GF2, 
CDKN1C, and KCNQ1. Other somatic 
genetic alterations have been identified 
in nephroblastoma. Inactivation of a tu- 
mour suppressor gene on the X chromo- 
some, AMER1, has been demonstrated 
in one third of nephroblastomas {2325}. 
Nephroblastomas demonstrating LOH 
for chromosomes 1p and 16q have been 
shown to have worse prognosis {1061}: 


52 Tumours of the kidney 


> 


| muscle differentiation. B An omal 


tumour with enlarged, hyperchromatic nuclei and a multipolar mitotic figure. C Anaplastic nephroblastoma. The 
anaplasia is most noticeable in the stromal component. D Focally anaplastic nephroblastoma. The left side of the figure 
shows markėd nuclear enlargement, hyperchromasia, and a multipolar mitotic figure. 


in the current COG protocols, identifi- 
cation of these losses of heterozygosity 
may prompt more intensive chemothera- 
py. SIOP studies have found that a gain 
of chromosome 1q is an indicator of 
poor prognosis {2464}. Mutations in the 
SIX1/2 pathway and DROSHA/DGCR8 
microRNA microprocessor complex 
have been found in high-risk blastemal 
nephroblastomas. 


Table 1.10 The revised International Society of 
Paediatric Oncology (SIOP) working classification of 
nephroblastoma 


|. Low-risk tumours 
Cystic partially differentiated nephroblastoma 
Completely necrotic nephroblastoma 


Ill. High-risk tumours 
Nephroblastoma, blastemal-type 
Nephroblastoma, diffuse anaplasia 


|. Low-tisk tumours 
Cystic partially differentiated nephroblastoma 


NPS Ete < tumours 
lephroblastoma, diffuse anaplasia 


Anaplasia is closely correlated with 
the presence of 7P53 gene mutations. 
Nephroblastomas with favourable histol- 
ogy virtually never harbour TP53 muta- 
tions, whereas the majority of anaplastic 
nephroblastomas do {190}. Furthermore, 
microdissection experiments have dem- 
onstrated that 7P53 mutations are usu- 
ally restricted to the anaplastic portions 
of nephroblastomas with focal anaplasia 
{189]. Because an apoptotic pathway 
induced by chemotherapy depends on 
functional p53, the association of TP53 
mutations with the resistance to chemo- 
therapy that is the hallmark of anaplas- 
tic nephroblastoma makes sense. TP53 
mutational status may better stratify risk 
in patients with diffuse anaplasia {1812}. 


Prognosis and predictive factors 

Most nephroblastomas of low stage have 
favourable histology and are associated 
with an excellent prognosis. The most 
significant unfavourable factors are high 
stage and the presence of anaplasia 
{717}. The majority of blastemal tumours 
are extremely sensitive to therapy. How- 
ever, tumours that demonstrate extensive 
blastemal cells following preoperative 
chemotherapy are associated with poor 
clinical response to therapy and reduced 
survival {222,290,2807}. In the SIOP 
protocols, these blastema! chemoresis- 
tant tumours are classified as high-risk 
tumours and are treated like anaplastic 


Pr 


tumours. Genetic studies that subclas- 
sify nephroblastomas into distinct groups 
may potentially substratify risk {718,935, 
2459). 


Cystic partially differentiated 
nephroblastoma 


Definition 

Cystic partially differentiated nephroblas- 
toma is a multilocular, exclusively cystic 
neoplasm containing nephroblastoma- 
tous tissue and occurring in very young 
children 
ICD-O code 8959/1 
Epidemiology 

Cystic partially differentiated nephro- 
blastoma occurs more commonly in boys 
than in girls; the majority of patients are 
< 24 months old. 


Macroscopy 

Cystic partially differentiated nephro- 
blastomas are often large (particularly 
considering the typically young patient 
age), reaching up to 19 cm in diameter, 
with a mean diameter of 10 cm. They are 
well circumscribed and consist entirely of 
cysts of variable size. The septa are thin 
and there are no expansile, solid nodules 
to alter the rounded contour of the cysts. 


Histopathology 

Cystic partially differentiated nephro- 
blastoma is composed entirely of cysts 
separated by septa {358,754 1349}. The 
cysts are lined with flattened, cuboidal, 
or hobnail epithelium, or are denuded. 
The septa are variably cellular and con- 
tain undifferentiated and differentiated 
mesenchyme (often skeletal muscle, 


occasionally cartilage or fat), islands of 
blastema, and nephroblastomatous epi- 
thelial elements {754}. Focally, the septal 
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Fig. 1.59 Cystic partially differentiated nephroblastoma. A The lesion is entirely cystic, andthe cysts mould the se 


elements may protrude into the cysts in 
microscopic papillary folds. The epithe- 
lial components consist mainly of mature 
and immature tubules and small papillae 
resembling immature glomeruli. 


Genetic profile 

Cystic partially differentiated nephroblas- 
tomas have traditionally been consid- 
ered to be part of the spectrum of cystic 
nephroblastoma (also called Wilms tu- 
mour), with the most extreme form being 
paediatric cystic nephroma (an exclu- 
sively cystic renal neoplasm that lacks 
nephroblastomatous tissue). However, 
recent genetic studies have shown that 
cystic nephroma, but not cystic partially 
differentiated nephroblastoma, harbours 
DICER1 mutations, suggesting that these 
two neoplasms are distinct and unrelated 
entities {725}. 


Prognosis and predictive factors 
Surgery is almost always curative {279, 
1738}. Patients with stage | disease 
are cured by surgery without adjuvant 
chemotherapy {279}. Rare recurrences 
have been reported as a complication 
of incomplete resection {1349} or tumour 
rupture {176}. 


Paediatric cystic nephroma 


Definition 

Paediatric cystic nephroma is a multi- 
locular, exclusively cystic neoplasm of 
very young children, in which the septa 
contain only fibrous tissue and differenti- 
ated tubules. 


ICD-O code 8959/0 


Epidemiology 

Paediatric cystic nephroma occurs more 
commonly in boys than in girls. Most pa- 
tients are younger than 24 months old. 
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pta. 


B Primitive nephroblastic elements are focally present within the septa. 
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Clinical features 
These cystic lesions commonly herniate 
into the renal pelvis. 


Macroscopy 

Paediatric cystic nephromas are often 
relatively large (particularly considering 
the patient's age), with a mean diameter 
of approximately 9 cm {417,1359,1753, 
2810}. The neoplasms are well circum- 
scribed and consist entirely of cysts of 
variable size. The septa are thin, and 
there are no expansile solid nodules to 
alter the rounded contour of the cysts 
{754}. 


Histopathology 

Paediatric cystic nephroma is composed 
entirely of cysts separated by septa. The 
cysts are lined by flattened, cuboidal, or 
hobnail epithelium, or are denuded. The 
septa contain fibrous tissue with focal 
cellular condensations and well-differen- 
tiated tubules. The presence of immature 
nephroblastic elements excludes the di- 
agnosis of paediatric cystic nephroma 
and indicates cystic partially differenti- 
ated nephroblastoma {1349}. 


Genetic profile 

Most paediatric cystic nephromas har- 
bour DICER? mutations. The fact that 
these mutations have not been found in 
cystic partially differentiated nephroblas- 
toma suggests that these two neoplasms, 
long thought to be part of a continuous 
spectrum of disease, are in fact distinct 
entities {725}. So-called adult cystic 
nephromas are now thought to belong to 
the mixed epithelial and stromal tumour 
family and to be unrelated to paediatric 
cystic nephroma. 


Genetic susceptibility 

Familial cystic nephroma has been re- 
ported {685}. These lesions may be bi- 
lateral and are associated with pleuro- 
pulmonary blastoma. Such cases are 
associated with germline DICER? muta- 
tions and are part of DICER1 syndrome 
{170,2545}. 


Prognosis and predictive factors 
Surgery for cystic nephroma is curative. 
Sarcomas (so-called DICER! sarco- 
mas) may arise in association with cystic 
nephroma; thus, cystic nephroma should 
generally be completely excised. 
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Clear cell sarcoma 


Definition 

Clear cell sarcoma of the kidney (CCSK) 
iS an uncommon renal sarcoma of uncer- 
tain histogenesis, occurring in children 
{221,1424,1790,1791,1792,1946}. 


ICD-O code 8964/3 
Synonym 
Bone-metastasizing renal tumour of 


childhood {1791,1792} 


Clinical features 

CCSK constitutes approximately 3% 
of all malignant renal tumours in child- 
hood {136}. There is no association with 
nephroblastoma-related syndromes or 
nephrogenic rests. The male-to-female 
ratio is 2:1. The mean patient age at di- 
agnosis is 36 months. 


Macroscopy 

CCSKs are typically large (with a mean 
diameter of 11.3 cm) and centred in the 
renal medulla. They are almost always 


th. 

Fig. 1.60 Clear cell sarcoma of the kidney. A Classic patt 
and cellular septa. C Epithelioid trabecular pattern. D Acinar pattern resembling nephroblastoma. E Palisading pattern resembling schwannoma. F Sclerosing pattern resembling 
osteoid. 
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ern, demonstrating branching capillary 


unifocal. The tumours are unencapsu- 
lated but circumscribed, tan, soft, and 
mucoid, and usually focally cystic. 


Histopathology 

The classic pattern of CCSK is character- 
ized by nests or cords of cells separated 
by regularly spaced, arborizing fibrovas- 
cular septa {136}. The cord cells may be 
epithelioid or spindled, and are loosely 
separated by extracellular myxoid mate- 
rial that resembles clear cytoplasm. The 
nuclei are round to oval shaped, have 
fine chromatin, and lack prominent nu- 
cleoli. The septa may be thin, regularly 
branching so-called chicken-wire capil- 
laries or thickened sheaths of fibroblas- 
tic cells surrounding a central capillary. 
CCSKs are grossly circumscribed, but 
they characteristically have subtly infiltra- 
tive borders, entrapping isolated native 
nephrons. 

CCSKs may have any of a large num- 
ber of variant histopathological patterns. 
Pools of acellular hyaluronic acid result 
in a myxoid pattern, and hyaline collagen 
that resembles osteoid characterizes the 
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sclerosing pattern. Tumours with a cel- 
lular pattern may resemble paediatric 
small round blue cell tumours, whereas 
tumours with epithelioid (trabecular or 
pseudoacinar) patterns may resemble 
nephroblastoma. Prominent palisad- 
ing, spindled, and storiform patterns 
resemble those of other sarcomas. Ap- 
proximately 3% of CCSKs are anaplastic. 
Post-therapy recurrences may have a de- 
ceptively bland appearance, resembling 
fibromatosis {136} or myxoma {889}. Vi- 
mentin, cyclin D1, and Bcl2 are typically 
immunoreactive, but CCSK is uniformly 
negative for CD34, S100 protein, desmin, 
MIC2 antibody 013, cytokeratin, and epi- 
thelial membrane antigen (136}. By elec- 
tron microscopy, the cord cells of CCSK 
have a high nuclear-to-cytoplasmic ratio, 
with thin cytoplasmic extensions sur- 
rounding abundant extracellular matrix. 
The cytoplasm has scattered intermedi- 
ate filaments {1095}. 


Genetic profile 
Approximately 10% of CCSKs have the 
recurring chromosomal translocation 
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Fig. 4.614 Clear cell sarcoma of the kidney. A A cellular pattern resembling blastemal nephroblastoma. B A storiform pattern resembling ft ibrohistiocytic neoplasia. C Embryonal 


hyperplasia of entrapped single native nephrons, 


((10;17)(q22:p13), resulting in YWHAE- 
FAM22 gene fusion {2052}. The same 
gene fusion is also found in a subset of 
high-grade endometrial stromal sarco- 
mas {1611}. Consistent in-frame duplica- 
tions of the BCOR gene distinguish CCSK 
from other paediatric renal tumours 
{2768A}. Gene expression profiling has 
demonstrated an embryonal signature 
indicative of a primitive nephrogenic ori- 
gin {1392}, and other studies have dem- 
onstrated dysregulation of the epidermal 
growth factor receptor pathway {1675}. 


Prognosis and predictive factors 

The survival of patients with CCSK has 
increased from 20% to 70% due to the 
addition of doxorubicin to chemothera- 
peutic protocols. However, metastases 
may occur as late as 10 years after initial 
diagnosis. Perirenal lymph node metas- 
tasis is present in almost 30% of cases at 
diagnosis. Bone metastases were once 
the most common mode of recurrence, 
but brain metastases are now more com- 
mon, likely because the blood-brain 
barrier impedes effective chemotherapy 
{932,1021,1022}. CCSK is distinguished 
from nephroblastoma by its proclivity to 
metastasize to unusual sites, such as 
the soft tissues or the orbit. True stage | 
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CCSKs have a favourable prognosis and 
may receive less-intensive therapy on the 
basis of the current Children's Oncology 
Group (COG) protocols {136,1022}. 


Rhabdoid tumour 


Definition 

Rhabdoid tumour of the kidney is a highly 
invasive and highly lethal neoplasm of 
young Children. It is composed of cells 


with vesicular chromatin, prominent 
nucleoli, and hyaline intracytoplasmic 
inclusions. 

ICD-O code 8963/3 
Epidemiology 


Rhabdoid tumours account for approxi- 
mately 2% of all renal neoplasms in chil- 
dren. The mean patient age at diagnosis 
is approximately 1 year, and approximate- 
ly 80% of patients are diagnosed in the 
first 2 years of life. Occurrence of rhab- 
doid tumour of the kidney in children older 
than 3 years is extremely unusual. Many 
previously reported examples of rnabdoid 
tumour of the kidney in children older than 
5 years have subsequently proven to be 
renal medullary carcinomas {2936}. 
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Clinical features 

Haematuria and/or abdominal mass are 
the most common presentations. More 
than 70% of patients present with ad- 
vanced-stage (stage Ill or IV) disease. 
Approximately 15% of patients develop 
the central nervous system counterpart 
of rhabdoid tumour of the kidney: atypi- 
cal teratoid/rhabdoid tumour, a tumour of 
posterior fossa of the brain. 


Macroscopy 

The tumours are typically large, haemor- 
rhagic, and necrotic, with poorly defined 
borders that reflect their highly invasive 
nature. 


Histopathology 

These tumours are unencapsulated. 
Sheets of relatively uniform malignant 
round cells aggressively overrun native 
nephrons. Vascular invasion is usually 
extensive. Rhabdoid tumour cells char- 
acteristically display the cytological triad 
of vesicular chromatin, prominent cherry- 
red nucleoli, and hyaline pink cytoplas- 
mic inclusions. However, the prominence 
and number of rhabdoid cells can vary 
markedly from one microscopic field to 
another and from one tumour to another. 
A subset of tumours may be composed 
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Fig 1.62 Rhabdoid tumar ofthe kidney. A Diffuse growth of neoplastic cells. B A sheet-like diffuse pattern of monomorphic neoplastic cells overrunning a ere glomerulus. 
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Fig. 1.63 Rhabdoid tumour of the kidney. A Characteristic escres chromatin, prominent nucleolus, and hyaline 
intracytoplasmic inclusions. B Loss of immunoreactivity for SMARCB1, with intact labelling of native endothelial cells. 


predominantly of primitive undifferenti- 
ated small round cells, but on closer in- 
spection, small foci of cells with diagnos- 
tic cytological features can be identified. 
The presence of characteristic hyaline 
inclusions is often accentuated on vimen- 
tin or cytokeratin immunostains. Loss of 
SMARCB1 (also known as INI1, hSNF5, 
or BAF47) on immunohistochemistry is 


a sensitive and specific marker of these. 


neoplasms {1351}. 


Genetic profile 

Biallelic inactivation of the SMARCB7 tu- 
mour Suppressor gene, which resides on 
the long arm of chromosome 22, is the 
molecular hallmark of rhabdoid tumour 
of the kidney {262,2862}. Inactivation 
of this gene is also seen in morphologi- 
cally similar rhabdoid tumours that oc- 
cur in the soft tissue, brain (where they 
are called atypical teratoid/rhabdoid tu- 
mour), and occasionally other visceral 
sites. All of these tumours typically affect 
young children, and are usually lethal. 
Loss of SMARCB1 expression by immu- 
nohistochemistry is also seen in several 
other clinically and morphologically dis- 
tinct neoplasms, including renal medul- 
lary carcinoma and epithelioid sarcoma 


{476,1214}. The SMARCB1 gene en- 
codes a protein involved in the SWI/ 
SNF chromatin remodelling complex, 
and its inactivation is thought to promote 
neoplasia by altering gene expression. 
Inactivation occurs via mutation, dele- 
tion, or whole-chromosome loss, which 
explains the common cytogenetic find- 
ing of monosomy 22 in these neoplasms. 
Occasional rhabdoid tumours with intact 
SMARCB1 expression harbour mutations 
in the SMARCA4/BRG1 gene, which en- 
codes a protein that belongs to the same 
complex. 


Genetic susceptibility 

Children with concurrent rhabdoid tumour 
of the kidney and atypical teratoid/rhab- 
doid tumour of the central nervous system 
often harbour germline mutations in the 
SMARCB1 gene {261,1486}. Inactivation 
of the second allele has been shown to oc- 
cur by different mechanisms in these two 
cancers, confirming the clinicopathologi- 
cal impression that these are independent 
neoplasms {900,2434}. Familial “rhabdoid 
tumour predisposition syndrome type 1” 
encompassing renal and extrarenal rhab- 
doid tumours has been described in 
which affected family members harbour 


constitutional inactivation of SMARCB1 
{2480,2692}. Approximately one third of 
rhabdoid tumours are associated with 
germline SMARCB1 alterations {751}. Oc- 
casional familial rhabdoid tumours are as- 
sociated with constitutional inactivation of 
SMARCA4/BRG 7; this is termed rhabdoid 
tumour predisposition syndrome type 2. 


Prognosis and predictive factors 
Outcome is typically dismal; with > 80% 
of patients dying of tumour within 2 years 
of diagnosis. Overall survival for the mi- 
nority of patients who present with stage 
MII tumours is slightly better. Young age is 
a poor prognostic factor, in part because 
a higher proportion of these patients 
harbour germline SMARCB7 alterations 
and are predisposed to second tumours 
{2733 , 2808}. 


Congenital 
mesoblastic nephroma 


Definition 

Congenital mesoblastic nephromas 
(CMNs) are low-grade fibroblastic neo- 
plasms of the infantile renal sinus. They 
are subclassified into classic and cellular 


types. 


ICD-O code 8960/1 
Clinical features 

CMN constitutes 2-4% of all paediatric 
renal tumours {118,720}. It is the most 
common congenital renal neoplasm, and 
90% of cases occur in thefirst year of life. 
The typical presentation is that of an ab- 
dominal mass. 


dissect the native kidney. 
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Fig. 1. 64 Classic congenital mesoblastic neg sen A Fascicles of fibroblastic cells dissect flarde of native pa ll B Fascicles of fibroblastic cells eseng fbromgatosis 
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Fig. 1.65 Cellular congenital mesoblastic repre A Note the pushing ern with the Mane kidney. B Note the Heer PENEY TAE -like vascular palier, high cellularity, and 
poorly defined fascicles. 


Macroscopy 

All CMNs arise in the medial renal sinus. 
Classic CMN has a firm, whorled texture, 
whereas cellular CMNs are more typical- 
ly soft, cystic, and haemorrhagic. 


Histopathology 

Classic CMN (accounting for 24% of cas- 
es) is morphologically identical to infan- 
tile fibromatosis of the renal sinus {296}. 
Tumours are composed of interlacing 
fascicles of fibroblastic cells with thin, ta- 
pered nuclei, pink cytoplasm, low mitotic 
activity, and abundant collagen deposi- 
tion. The tumour dissects and entraps is- 
lands of renal parenchyma. Cellular CMN 
(accounting for 66% of cases) is mor- 
phologically identical to infantile fibro- 
sarcoma. These tumours have a push- 
ing border and are composed of poorly 
formed fascicles that give way to sheet- 
like growth patterns. The tumour shows 
a high mitotic rate and often features ne- 
crosis. Mixed CMN (accounting for 10% 
of cases) has features of both classic and 
cellular CMN. Many mixed CMNs exhibit 
the infantile fibrosarcoma-like pattern 
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Fig. 1.66 A Classic congenital mesoblastic nephroma. Islands of ors “haématopolesis within the bland fib 


that is seen in some cases of infantile fi- 
bromatosis or myofibromatosis. 

These tumours are often immunoreactive 
for actin and uncommonly for desmin. 
They are non-reactive for CD34. Ultra- 
structurally, the tumours have features of 
myofibroblasts or fibroblasts. 


Genetic profile 

Classic CMNs are typically diploid, but 
cellular CMNs often demonstrate aneu- 
ploidy of chromosomes 11, 8, and 17 
{1508,2202,2372}. Unlike classic CMN, 
cellular CMN has a specific chromo- 
somal translocation, t(12;15)(p13;q25), 
which results in a fusion of the ETV6 and 
NTRK3 genes. This chromosomal trans- 
location and gene fusion was first identi- 
fied in infantile fibrosarcoma, but is ab- 
sent in infantile fibromatosis {1460,1461, 
2372}. Thus, cellular CMN and infantile 
fibrosarcoma are identical neoplasms in 
a similar sense as classic CMN and in- 
fantile fibromatosis. Most mixed CMNs 
lack the ETV6-NTRK3 gene fusion {97, 
126}, which is also the case with com- 
posite fibromatosis/fibrosarcoma of soft 
tissue {127]. 


roblastic proliferation. 


B- cellular congenital mesoblastic 
nephroma. Note the extensive necrosis, high level of cellularity, and abundant mitotic activity. C Mixed congenital mesoblastic nephroma. The left half is identical to the classic type 
and the right half resembles the cellular type. 


ETV6 is an ETS transcription factor previ- 
ously implicated in translocations in pae- 
diatric B-cell acute lymphoblastic leukae- 
mia. NTRK3 is a tyrosine kinase receptor 
that responds to extracellular signals. 
The fusion product is a constitutively ac- 
tive tyrosine kinase that promotes cellular 
growth via multiple downstream path- 
ways {934}. 


Prognosis and predictive factors 

When completely excised, CMN is asso- 
ciated with an excellent prognosis. Only 
5% of patients develop recurrence, which 
is related mainly to the completeness of 
resection. Children with cellular CMN, of 
age greater than or equal to 3 months, or 
with stage IlI disease have more recur- 
rences {931}. Only rare cases of haema- 
togenous metastases and tumour-related 
deaths have been reported {799,931, 
1150,2886}. Relapsed cases are respon- 
sive to chemotherapy {1683, 1830}. 
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Ossifying renal 
tumour of infancy 


Definition 

Ossifying renal tumour of infancy (ORTI) 
is an intracalyceal mass composed of 
osteoid trabeculae, osteoblast-like cells, 
and a spindle cell component. The tu- 
mours arise from and are attached to the 
medullary pyramid. 
ICD-O code 8967/0 
Clinical features 

ORTI is extremely rare, with fewer than 20 
cases reported in the English-language 
literature {442, 1212, 1240, 1292, 2438, 
2470,2578,2847,3092}. There is a male 
predominance, and patient age at pre- 
sentation ranges from 6 days to 2 years. 
Almost all patients have presented with 
gross haematuria. The dense calcifica- 
tion associated with the tumour would 
typically suggest renal calculus, but the 
young patient age at presentation casts 
doubt on this diagnosis. 


Macroscopy 
ORTI is grossly well circumscribed and 
typically measures 1-6 cm in diameter. 


Histopathology 


ORTI has three major components: an 
osteoid core, osteoblastic cells within 
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Fig. 1.67 Ossifying renal tumour of infancy. 


and at the periphery of the osteoid, and 
bland spindle cells. The bland spindle 
cells resemble those of cellular congeni- 
tal mesoblastic nephroma or intralobar 
nephrogenic rests, according to different 
authors. 


Genetic profile 

The exact relationship of ORTI to other 
paediatric renal neoplasms is still un- 
certain. No cases have been reported in 
association with nephroblastoma or its 


associated syndromes. A small number 
of cases studied have shown evidence of 
trisomy 4 {1677}. 


Prognosis and predictive factors 

The outcome has been uniformly favour- 
able, and conservative surgical manage- 
ment is the treatment of choice. 
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Mesenchymal tumours occurring 


mainly in adults 


Leiomyosarcoma (including 
renal vein leiomyosarcoma) 


Definition 

Leiomyosarcoma is a malignant mesen- 
chymal tumour demonstrating smooth 
muscle differentiation. 
ICD-O code 8890/3 
Epidemiology 

Renal leiomyosarcoma is rare, account- 
ing for < 1% of all renal malignancies 
{700,3025}. Most occur in adults, among 
whom it is the most common renal sar- 
coma. There is no sex predilection and 
no known predisposing conditions. 


Clinical features 

The clinical symptoms are similar to those 
of other large renal tumours, including 
abdominal pain and haematuria. 


Macroscopy 

This tumour arises from the renal capsule, 
renal parenchyma, pelvic muscular wall, 
or main renal vein {2910}. Leiomyosarco- 
mas are large, solid, greyish white, soft 
to firm, and variably necrotic. Depending 
onthe siteof origin, they may envelop the 
kidney, replace large portions of renal 
parenchyma with extrarenal extension, or 
fill the collecting system and invade renal 
sinus fat. 


Histopathology 

The morphological features of renal leio- 
myosarcoma are identical to those of lei- 
omyosarcoma arising at other sites and 


Fig. 1.68 Leiomyosarcoma of the kidney. The tumour 
has a greyish-white cut surface. 
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include a fascicular, plexiform, or hap- 
hazard growth pattern of spindle, epithe- 
lioid, and pleomorphic cells. Low-grade 
tumours resemble differentiated smooth 
muscle cells but with increased cellulari- 
ty, cytological atypia, and mitotic activity. 
High-grade tumours are pleomorphic, re- 
quiring immunohistochemical stains and 
adequate sampling to distinguish from 
other malignancies such as sarcomatoid 
carcinoma with leiomyosarcomatous dif- 
ferentiation and other pleomorphic sar- 
comas {80,1902}. Immunohistochemical- 
ly, leiomyosarcoma is positive for smooth 
muscle actin, heavy chain caldesmon, 
and desmin. The majority of tumours 
are negative for cytokeratin, epithelial 
membrane antigen, CD34, and S100, 
although (uncommonly) focal aberrant 
expression of these markers can occur. 
HMB45, melan A, myogenin, and MyoD1 
are negative. 


Genetic profile 
There are no known characteristic genetic 
abnormalities in renal leiomyosarcomas. 


Prognosis and predictive factors 

Renal leiomyosarcoma is aggressive, 
with a 5-year survival rate of < 36%. Most 
patients die of disease within 1 year of 
diagnosis, with metastasis to lung, liver, 
and bone. Complete surgical removal 
is the only curative therapy. Predictors 


Fig. 1.69 Leiomyosarcoma of the kidney with scattered tumour cells with pleomorphic nuclei. 
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of outcome include complete resection, 
grade, and tumour size {700}. 


Angiosarcoma 


Definition 

Angiosarcoma is a very rare malignant 
vascular tumour of the kidney. 
ICD-O code 9120/3 
Epidemiology 

Renal angiosarcoma is a tumour of 
adults, with a wide distribution in patient 
age, from 29 to 95 years {357,3071}. 
Fewer than 40 cases have been report- 
ed. The majority of these tumours occur 
in men, and there are no known predis- 
posing factors. 


Clinical features 
Patients most commonly present with 
flank pain and haematuria {3071}. 


Macroscopy 

Renal angiosarcomas are typically large 
necrotic tumours, ranging from 10 to 
30 cm in greatest dimension. They often 
replace the entire renal parenchyma, 
with extension into perirenal soft tissues 
{357}. 


Histopathology 
These tumours show histopathological 
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Fig. 1.70 Angiosarcoma. Vasoformative tumour infiltrate, 


features identical to those of angiosar- 
coma at other locations. The tumours are 
composed of mitotically active malignant 
endothelial cells that are at least focally 
vasoformative. In most tumours, spin- 
dled endothelial cells predominate, but 
tumours may be a mixture of spindled 
and epithelioid cells or entirely epithe- 
lioid {357,1676}. Necrosis is a common 
finding. Renal angiosarcoma is a poorly 
differentiated malignancy requiring im- 
munostains to differentiate from high- 
grade renal cell carcinoma, epithelioid 
angiomyolipoma, and other sarcomas. 
Tumours are immunoreactive for at least 
one endothelial marker, such as CD31, 
CD34, ERG, or FLI1 {357}. Angiosar- 
coma, particularly epithelioid angiosar- 
coma, may stain for cytokeratin {1676}. 


Prognosis and predictive factors 

Renal angiosarcoma is an aggressive 
neoplasm with poor patient outcome. 
Given the rarity of these tumours, little is 
known about their prognostic features or 
response to treatment. On the basis of a 
limited number of renal cases and expe- 
rience with angiosarcoma of soft tissues, 
tumour size < 5 cmappears to be associ- 
ated with an improved outcome. Patients 
are treated by radical nephrectomy along 
with chemotherapy and radiotherapy. 


Rhabdomyosarcoma 


Definition 

Rhabdomyosarcoma is a malignant tu- 
mour composed of cells with various de- 
grees of skeletal muscle differentiation. 


ICD-O codes 


Rhabdomyosarcoma 8900/3 
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Embryonal rhabdomyosarcoma 8910/3 


Alveolar rhabdomyosarcoma 8920/3 
Pleomorphic 
rhabdomyosarcoma 8901/3 
Spindle cell / sclerosing 
rhabdomyosarcoma 8912/3 
Epidemiology 


Primary rhabdomyosarcoma of the kid- 
ney is exceedingly rare, with fewer than 
20 convincing reported cases. Most oc- 
cur in children. 


Clinical features 
Patients present with a non-distinctive re- 
nal mass. 


Histopathology 
Most cases are of embryonal type, 


Fig. 1.71 Osteosarcoma. A well-defined, greyish-white 
calcified mass showing areas of haemorrhage and 
necrosis within kidney parenchyma. 


often with anaplasia {2276}. In a pae- 
diatric renal tumour, it is far more likely 
that well-differentiated rhabdomyoblasts 
with prominent eosinophilic cytoplasm 
represent heterologous differentiation in 
a nephroblastoma rather than rhabdo- 
myosarcoma. Isolated cases in adults 
are usually of pleomorphic type (626}, 
and thorough sampling is necessary to 
exclude sarcomatoid carcinoma with het- 
erologous differentiation. 


Genetic profile 

There have been no specific reports for 
renal rhabdomyosarcoma, but no differ- 
ence from its soft tissue counterparts is 
expected. 


Prognosis and predictive factors 

As at other sites, renal rhabdomyosar- 
coma is often associated with an aggres- 
sive Clinical course and poor prognosis. 


Osteosarcoma 


Definition 

Osteosarcoma is aseoplasm composed 
of malignant cells forming osteoid or 
bone. 
ICD-O code 9180/3 
Epidemiology 

Primary osteosarcoma of the kidney is 
exceedingly rare, with fewer than 30 cas- 
es ever reported {1714}. 


Clinical features 

No specific signs or symptoms have 
been described. It occurs in adults 
> 40 years of age, with a male-to-female 
ratio of 1.7:1. Early local recurrence and 
metastatic spread (particularly to the 
lung) are common. 


Macroscopy 

The tumour is firm and whitish, with ar- 
eas of calcification, haemorrhage, or 
necrosis. Osteosarcoma is mainly corti- 
cal, commonly with extension to the peri- 
nephric/hilar fat. 


Histopathology 

The morphological features of primary 
osteosarcoma of the kidney are the same 
as those of osteosarcomas in more com- 
mon osseous sites. Before a diagnosis of 
primary osteosarcoma is made, sarco- 
matoid carcinoma, nephroblastoma (also 


matrix. 


called Wilms tumour) with an osteosar- 
comatous component, and metastasis 
should be excluded: 


Prognosis and predictive factors 

The prognosis is poor, with a mean sur- 
vival of 15 months despite aggressive tri- 
ple combination therapy. 


Synovial sarcoma 


Definition 

Renal synovial sarcoma is a malignant 
mesenchymal tumour that rarely displays 
epithelial differentiation. 
ICD-O code 9040/3 
Epidemiology 

Patient age ranges from 13 to 78 years. 


There are no knéwn predisposing condi- 
tions and no sex predilection. 


Clinical features 
Patients present with abdominal pain or 
haematuria {125}. 


Macroscopy 

Tumours are unilateral, solid, and 2-19 cm 
in size, They variably show haemorrhage, 
necrosis, and cyst formation. 


Histopathology 

Most synovial sarcomas are monopha- 
sic; composed entirely of infiltrative small 
hyperchromatic spindle cells with scant 
cytoplasm and indistinct cell borders ar- 
ranged in short, intersecting fascicles or 
In sheets. The tumours can exhibit myxoid 
change, collagen deposition, and a haem- 


Fig. 1.72 Osteosarcoma withchondroidand osteoid matrix. Epithelioid and spindle malignant cells surround the osteoid 


angiopericytomatous vascular pattern. 
Tumours can entrap native renal tubules, 
some of which become cystically dilated. 
Renal synovial sarcoma showing epithe- 
lial differentiation (the biphasic type) is 
rare, and poorly differentiated synovial 
sarcoma cases have also been reported 
{125}. 

The tumour cells are immunoreactive 
with TLE1, vimentin, Bcl2, and CD99. 
Desmin, CD34, and muscle-specific ac- 
tin are negative. Cytokeratins (AE1/AE3 
or CAM5.2) and epithelial membrane 
antigen can be focally positive, and the 
non-neoplastic epithelial lining cells of 
the cysts are consistently highlighted by 
these markers. 


Genetic profile 
Synovial sarcoma is characterized by 
t(X;18)(p11.2/q11.2), which generates 


fusion between the SYT gene on chro- 
mosome 18 (SS718) and a member of the 
SSX gene family (SSX1, SSX2, or SSX4) 
on the X chromosome. Most renal syno- 
vial sarcomas carry the SS18-SSX2 gene 
fusion {1263}. 
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ing sarcoma, A Showing small round cells with uniform nuclei, scanty cytoplasm, and lobular growth; 


Prognosis and predictive factors 
Synovial sarcoma has a poor prognosis. 
The prognostic features of renal synovial 
Sarcoma are unknowr due to its rarity, 
bul in other locations, tumour size, pa- 
tient age, tumour site, and type of gene 
lusion are pregnostic. 


Ewing sarcoma 


Definition 

Peripheral neuroectodermal tumour and 
Ewing sarcoma are closely related small 
round cell sarcomas, defined in almost 
all cases by EWSR1 fusion with a mem- 
ber of the ETS gene family. 


ICD-O codes 

Ewing sarcoma 9364/3 
Synonyms 

Peripheral neuroectodermal tumour; 


Primitive neuroectodermal tumour (PNET) 


Epidemiology 

Ewing sarcoma is rare in the kidney. The 
median patient age is 20 years and the 
male-to-female ratio is 3:1 {130,2145}. 


Clinical features 

The symptoms, imaging features, and 
gross appearance of renal Ewing sarco- 
ma are non-specific and similar to those 
of other renal tumours. 


Histopathology 

Renal Ewing sarcoma is morphologically 
indistinguishable from its counterparts in 
bone and soft tissue. In rare cases, poor- 
ly formed rosette-like structures are pre- 
sent. Mitoses and necrosis are common. 
Diffuse membranous CD99 positivity in 
almost all tumour cells is characteris- 
tic. There may also be nuclear positivity 
for FLI1 or ERG, but these markers are 
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adjacent to the tumour, an uninvolved glomerulus is seen. B There is diffuse membranous CD99 immunostaining in 


the tumour cells. 
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non-specific. As many as 30% of cases 
show some keratin positivity. 


Genetic profile 

As many as 90% of these tumours show 
a reciprocal t(11;22)(q24;q12) with 
EWSR1-FL/1 gene fusion, about 5% have 
t(11;21) with EWSR1-ERG fusion, and al- 
most all of the remainder have other ETS 
fusion partners {2416}. The specific gene 
fusion has no prognostic significance 
{1605}. 


Prognosis and predictive factors 

Renal Ewing sarcoma behaves more ag- 
gressively than Ewing sarcoma arising 
at other sites. Approximately 20-50% of 
patients present with distant metastases, 
and the 5-year disease-free survival rate 
is about 45-55%. 


Angiomyolipoma 


Definition 

Angiomyolipoma is a benign mesenchy- 
mal tumour composed of variable pro- 
portions of adipose tissue, spindle cells, 
epithelioid smooth muscle cells, and 
abnormal thick-walled blood vessels. 
It belongs to a family of lesions called 
perivascular epithelioid cell tumours 
(PEComas), which are characterized by 
the proliferation of perivascular epithe- 
lioid cells {892,1801}. 
ICD-O code 8860/0 
Epidemiology 

Angiomyolipoma can occur sporadically 
or in patients with tuberous sclerosis, an 
autosomal genetic disorder character- 
ized by mental retardation, seizures, and 
the development of cellular proliferations 
such as angiomyolipoma, subependymal 
giant cell tumours, cutaneous angiofibro- 
mas, cardiac rhabdomyomas, lymph- 
angioleiomyomatosis, and pulmonary 
multifocal micronodular hyperplasia. In 
surgical series, which tend to overrepre- 
sent non-tuberous sclerosis cases, there 
isa 4:1 female-to-male ratio {2608}. There 
is NO apparent sex predilection in tuber- 
ous sclerosis patients with angiomyoli- 
poma detected by imaging techniques. 
In patients with tuberous sclerosis, renal 
angiomyolipoma is found in the third and 
fourth decades of life, whereas sporadic 
angiomyolipomas tend to occur in old- 
er patients. Puberty may influence the 
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Fig. 1.74 Angiomyolipoma ofthe kidney. A CT ofa large 
angiomyolipoma characterized by a diffuse pseudocystic 
appearance. B CT of angiomyolipoma characterized by 
high fat content. 


development of angiomyolipoma {564}. 
Angiomyolipomas_ constitute approxi- 
mately 1% of surgically removed renal 
tumours. Angiomyolipoma has been con- 
sidered an uncommon neoplasm, but its 
observed incidence is increasing as it 
is increasingly detected during imaging 
performed to evaluate other conditions 
{922}. Most surgical series report 4 times 
as many sporadic angiomyolipomas as 
angiomyolipomas associated with tuber- 
ous sclerosis {161}. 


Etiology 

Angiomyolipoma was initially considered 
to be a hamartoma rather than a true neo- 
plasm, but the clonal nature of this lesion 
is now well established {1041}. Molecular 
{1390}, immunohistochemical {1801}, and 
ultrastructural studies {1217} support the 
idea of differentiation towards perivascu- 
lar epithelioid cells, which have no known 
normal counterpart {892,1801}. The etiol- 
ogy and pathogenesis of the neoplasm 
are unknown, but a hormonal influence 


Fig. 1.75 A Yellowish angiomyolipoma in a polycystic 
kidney. B Large angiomyolipoma extending into the 
renal pelvis. In addition, there are multiple small tumours 
in the renal cortex (arrows). 


is suggested by the difference in preva- 
lence of angiomyolipoma in females and 
males in surgical series, the onset of an- 
giomyolipoma after puberty, and the high 
prevalence of progesterone receptor im- 
munoreactivity in angiomyolipoma {1171}. 


Localization 

Angiomyolipomas may arise in the cortex 
or medulla of the kidney, as well as in the 
retroperitoneal soft tissue, with or without 
renal attachment. The lesions may be 
multifocal {2668}, and these cases may 
indicate a presumptive diagnosis of tu- 
berous sclerosis. 


Clinical features 

The clinical features differ depending 
on the presence or absence of tuberous 
sclerosis. In tuberous sclerosis, angiomy- 
olipomas are usually asymptomatic and 
discovered by radiographical screening 
techniques. Patients without tuberous 
sclerosis are more likely to have larger 
lesions, so are more likely to present with 


flank pain, haematuria, palpable mass, 
or a combination of these signs and 
symptoms. Retroperitoneal haemorrhage 
may occur {2608}. Simultaneous occur- 
rence of angiomyolipoma with renal cell 
carcinoma and oncocytoma in the same 
kidney has also been reported {1086}. 
Another interesting aspect of angiomyoli- 
poma is its association with lymphangi- 
oleiomyomatosis, a progressive disease 
that usually affects the lungs of young 
women and is also related to tuberous 
sclerosis. Histopathological and genetic 
studies have demonstrated that angio- 
myolipoma and lymphangioleiomyoma- 
tosis share many features {299,3046}. 
CT and ultrasonography permit the pre- 
operative diagnosis of angiomyolipoma 
in almost all cases. High fat content, 
which is present in most angiomyoli- 
pomas, is responsible for a distinctive 
pattern on CT. Tumours composed pre- 
dominantly of smooth muscle cells, with 
an admixture of all three components, or 
with prominent cystic change may be dif- 
ficult to distinguish preoperatively from 
an epithelial neoplasm {1324}. In some 
of these cases, diagnosis is possible by 
fine-needle aspiration or biopsy, sup- 
plemented if necessary by immunohisto- 
chemistry {1794}. 

Uncommonly, angiomyolipoma extends 
into the intrarenal venous system, the re- 
nal vein, or the vena cava. Vascular inva- 
sion and multifocality have occasionally 
been misinterpreted as evidence of ma- 
lignancy and metastasis. Regional lymph 
node involvement can occur, but is con- 
sidered to constitute a multifocal growth 
pattern rather han metastasis {2668}. 
Only a few cases of sarcoma developing 
in sporadic angiomyolipoma have been 
reported; two patients had pulmonary 
metastases and one had hepatic metas- 
tases (527,859, 1802}. 


Macroscopy 

Angiomyolipomas are usually well de- 
marcated from the adjacent kidney, but 
not encapsulated. The colour varies from 
yellow to pinkish tan, depending on the 
relative proportions of the various tis- 
sue components. A tumour composed 
of all three components may resemble a 
clear cell renal cell carcinoma, whereas 
a smooth muscle-predominant angio- 
myolipoma may resemble a leiomyoma. 
Although angiomyolipomas may grow 
to a large size, they bulge into, rather 
than infiltrate, the perirenal fat. Most 


Fig. 1.76 Angiomyolipoma. A Classic triphasic histology. The tumour is composed of a nitie of mature fat, thick- 
walled poorly organized blood vessels, and smooth muscle. B HMB45 expression in the perivascular epithelioid cells, 


Fig. 1 1 Angiomyolipoma with epithelial cysts. The cysts are lined i cuboidal to hobnail epithelial cells, associated 
with a compact subepithelial camblum-like layer of stromal cells. 


angiomyolipomas are solitary, but multi- 
ple tumours may be present. Prominent 
cystic or pseudocystic change may very 
rarely be present in angiomyolipoma. 


Histopathology 

Most angiomyolipomas are composed 
of a variable mixture of mature fat, thick- 
walled poorly organized blood vessels, 
and smooth muscle (the classic triphasic 
histology). Classic angiomyolipoma can 
be designated lipoma-like or leiomyo- 
ma-like depending on whether adipose 
or spindle smooth muscle components 
predominate. 

The border between angiomyolipoma 
and the kidney is typically sharp, al- 
though renal tubules may be entrapped 
at the periphery of some tumours. The 
smooth muscle cells appear to emanate 
from blood vessel walls in a radial pattern. 
The smooth muscle cells are most com- 
monly spindle cells but may be rounded 
epithelioid cells. Rarely, striking degrees 
of nuclear atypia may be seen in these 
cells, raising the possibility of malignan- 
cy. Some angiomyolipomas (so-called 
capsulomas), which are often located 


subcapsularly and composed almost en- 
tirely of smooth muscle cells, resemble 
leiomyomas. A component composed of 
cells associated with thin-walled, branch- 
ing vessels with a pattern similar to lymph- 
angioleiomyoma is another variation of 
the smooth muscle component. 

The lipomatous component typically 
consists of mature adipose tissue but 
may contain vacuolated adipocytes sug- 
gesting lipoblasts, resembling a liposar- 
coma when there is extensive adipocytic 
differentiation. 

The blood vessels have thick walls and 
lack the normal elastic content of arter- 
ies. Angiomyolipomas with a prominent 
vascular Component may resemble a 
vascular malformation. Angiomyolipoma 
with epithelial cysts is a variant of an- 
giomyolipoma characterized by mixed, 
solid, and cystic architecture, with the 
cysts lined by cuboidal to hobnail epi- 
thelial cells. These epithelial cysts are 
thought to be entrapped renal tubular 
epithelium. There is also a compact sub- 
epithelial cambium-like layer of stromal 
cells, which is thought to be a mani- 
festation of Mullerian differentiation of 


Mesenchymal tumours occurring mainly in adults 63 


perivascular epithelioid cells. In addition, 
the tumour has a solid extracystic com- 
ponent with the morphology of a smooth 
muscle-predominant angiomyolipoma 
associated with thickened and irregular 
blood vessels. Of the 24 cases reported 
to date, only 2 of the patients had a his- 
tory of tuberous sclerosis {139,643,875, 
1894, 2360}. 

Oncocytoma-like angiomyolipomas are 
rare tumours consisting of a homoge- 
neous population of polygonal cells with 
strongly eosinophilic cytoplasm. They 
have been described in patients with and 
without tuberous sclerosis {1797,2595}. 
Recognition of this variant is important 
because oncocytomas coexisting in the 
same kidney as angiomyolipomas have 
been reported on several occasions. 
The incidence of oncocytoma seems to 
be higher among patients with tuberous 
sclerosis than in the general population 
{1321}. 

Small nodules with some features of an- 
giomyolipoma (so-called microhamarto- 
mas) are often present in kidneys bearing 
angiomyolipomas, suggesting that these 
lesions may be the source of angiomy- 
olipomas. The smallest nodules are often 
composed predominantly of epithelioid 
smooth muscle cells, and the proportions 
of spindle cells and adipocytes increase 
as the lesions grow larger (519}. 
Intraglomerular lesions with features 
similar to those of angiomyolipoma 
have been reported in patients with and 
without tuberous sclerosis and in the 
TSC2/PKD1 contiguous gene syndrome, 
a disease-associated with a deletion dis- 
rupting both TSC2 and PKD1 (an autoso- 
mal dominant polycystic disease gene) 
(1428,1795, 1996}. 


/Immunophenotyoe 

Angiomyolipomas are characterized by 
coexpression of melanocytic markers 
(HMB45, melan A, and microphthalmia 
transcription factor) and smooth mus- 
cle markers (Smooth muscle actin and 
calponin). CD68, S100 protein, estro- 
gen and progesterone receptors, and 
desmin may also be positive, whereas 
epithelial markers are always negative 
{1357,1561,2172,3055}. The coexpres- 
sion of melanocytic and smooth mus- 
cle markers in myoid-appearing and 
lipid-distended cells supports the idea 
of angiomyolipoma being a unitary neo- 
plasm with the capacity for phenotypic 
and immunotypic modulation {2668}. 
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Fig. 1.78 A emat -ike angiomyolipoma. This variant closely resembles renal eme. B ni erenes 


lesion. The lesion is predominantly composed of epithelioid smooth muscle cells. 


C Microhamartoma and 


angiomyolipoma. Microhamartoma and classic angiomyolipoma (at the bottom) both showing diffuse immunostain for 


cathepsin K. 
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Fig. 1.79 Microhamartoma. A small nodule predominantly composed of epithelioid smooth muscle cells. 


In angiomyolipoma with epithelial cysts, 
the epithelial lining of the cysts shows a 
positive immunohistochemical reaction 
to cytokeratin, PAX2, and PAX8, whereas 
the compact, subepithelial cambium- 
like layer of stromal cells is positive for 
HMB45, melan A, cathepsin K, CD10, 
and estrogen and progesterone recep- 
tors. In addition, the solid extracystic 
component with the morphology of a 
smooth muscle-predominant angiomy- 
olipoma is positive for HMB45, estrogen 
and progesterone receptors, smooth 
muscle actin, and desmin {1386}. 


Cathepsin K, a papain-like cysteine pro- 
tease, is the target of the microphthal- 
mia-associated transcription factor fam- 
ily, and has recently been found to be 
highly expressed in the entire spectrum 
of perivascular epithelioid cell lesions of 
the kidney, including all the morphologi- 
cal variants of angiomyolipoma {1794}. 

Ultrastructurally, angiomyolipomas show 
spindle cells with features of smooth 
muscle cells. Some of the spindle cells 
contain lipid droplets, indicating transi- 
tion forms between smooth muscle cells 
and adipocytes {1217}. Ultrastructural 
evidence of melanogenesis has been 


ig. 


1.80 Epithelioid angiomyolipoma. A This tumour shows a pattern of carcinoma-like growth; the tumour is 
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cytoplasm and atypical nuclei. B Strong immunoexpression of cathepsin K. 


reported, and intracytoplasmic mem- 
brane-bound dense bodies, crystals, 
and granules (rhomboid and spherical) 
have been linked to renin and premela- 
nosomes without conclusive or consis- 
tent evidence {1973,2937}. 


Genetic profile 

The alterations of two genes are known to 
cause tuberous sclerosis. The TSC 1 gene 
is located on chromosome 9q34, con- 
sists of 23 exons, and encodes hamartin, 
a 130 kDa protein {2836}. The TSC2 gene 
is located on chromosome 16p13, con- 
sists of 41 exons, and encodes tuberin, 
a 180 kDa GTPase-activating protein for 
RAS-related protein 1 and Rab protein 
5 (2702}. Tuberin and hamartin interact 
with each other, forming a cytoplasmic 
complex {2016,2224}. Angiomyolipoma 
often shows LOH of variable portions of 
the TSC2 gene Jocus in both sporadic 
and tuberous sclerosis—associated tu- 
mours {1172}. LOH of the TSC7 gene is 
occasionally seen. 

Recently, it has been found that sporadic 
renal angiomyolipomas often have muta- 
tions in TSC2 but not TSC7 or RHEB, and 
further, that they have no other genomic 
changes as a group. This suggests that 
TSC2 inactivation by mutation is a con- 
sistent, and likely necessary, genetic 
event in the pathogenesis of most of 
these tumours; however, chromosomal 
translocations and gene fusion events 
have not been fully assessed {2256}. 


Prognosis and predictive factors 

Classic angiomyolipomas are benign. A 
very small minority are associated with 
Complications and morbidity and mortal- 
ty {2059}. Haemorrhage into the retro- 
Peritoneum, usually in tumours > 4 cm or 


in pregnant patients, may be life threat- 
ening. Renal cysts and multiple angiomy- 
olipomas in tuberous sclerosis patients 
can lead to renal failure {2441}. 


Epithelioid angiomyolipoma 


Definition 

Epithelioid angiomyolipoma is a rare vari- 
ant of angiomyolipoma that consists of 
at least 80% epithelioid cells {348,1147, 
2021}. 
ICD-O code 8860/1 
Synonyms 

Perivascular epithelioid cell (PEC) tumour 
of the kidney; PEComa of the kidney 


Epidemiology 

Epithelioid angiomyolipomas constituted 
46% of all resected angiomyolipomas 
{1147}. Like classic angiomyolipoma, ep- 
ithelioid angiomyolipoma has been de- 
scribed in patients both with and without 
evidence of tuberous sclerosis, as well 
as in the TSC2/PKD1 contiguous gene 
syndrome {1795,1798,2171). Both sexes 
are affected equally, and the mean pa- 
tient age at diagnosis is 50 years (range: 
30-80 years) {1147}. 


Macroscopy 

The tumours are usually large, with infil- 
trative growth and a greyish-tan, white, 
brown, or haemorrhagic appearance. 
Necrosis may be present. Extrarenal ex- 
tension or involvement of the renal veins 
or venae cavae may occur. 


Histopathology 
Epithelioid angiomyolipoma can show 


two. different morphological patterns. 
Some tumours are characterized by the 
presence of large polygonal cells with 
dense, deeply eosinophilic cytoplasm 
and atypical nuclei with prominent nu- 
cleoli arranged in cohesive nests and 
compartmentalized sheets separated by 
thin vascular-rich septa. Intranuclear in- 
clusions are common. Some of these tu- 
mours have 2 2 mitoses per 50 high-pow- 
er fields, but the majority have no mitoses 
or only 1 mitotic figure per 50 high-power 
fields. Multinucleate tumour giant cells 
are often present. Variable necrosis and 
haemorrhage can be present in these tu- 
mours, and the overall pattern has been 
described as a carcinoma-like growth. 
The other pattern of epithelioid angio- 
myolipoma consists of epithelioid and 
plump spindled cells arranged in dif- 
fuse and densely packed sheets. These 
tumours have a more homogeneous 
growth pattern than the carcinoma-like 
tumours. The tumour cells are relatively 
monomorphic epithelioid cells with clear 
to granular, feathery eosinophilic cyto- 
plasm. The cell size is smaller and the 
nuclei are relatively uniform and lack 
atypia throughout. Intranuclear inclu- 
sions are uncommon. Multinucleate gi- 
ant cells can present singly or in groups. 
These neoplasms usually have no mitotic 
activity. This pattern has been designat- 
ed epithelioid and plump spindled cells 
with diffuse growth. Careful examination 
may show microscopic foci of adipocyte 
differentiation. 

Epithelioid angiomyolipoma expresses 
melanocytic markers (e.g. HMB45, melan 
A, and microphthalmia transcription fac- 
tor), cathepsin K, and (variably) smooth 
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muscle markers (e.g. smooth muscle 
actin and muscle-specific actin) {1794, 
1798,2171,3055}. Positivity for desmin is 
less common {753}. Some tumours show 
TFE3 immunoexpression, but the immu- 
noreactivity is often weak {121}. 


Genetic profile 

LOH of TSC2 has been reported in occa- 
sional cases of sporadic epithelioid an- 
giomyolipoma, indicating clonality and a 
relationship with classic triphasic angio- 
myolipoma {1798,2123}. Occasional cas- 
es with TFE3 gene rearrangement have 
also been described. Most of the renal 
epithelioid angiomyolipomas expressing 
TFE3 by immunohistochemistry do not 
show TFE3 gene rearrangement by FISH; 
such rearrangement is extremely uncom- 
mon in renal epithelioid angiomyolipoma 
{121,2062}. 


Prognosis and predictive factors 
Unequivocal evidence that epithelioid 
angiomyolipoma can exhibit malignant 
behaviour has been provided by case 
reports and several large series (348, 
1147,2021,2431}. However, the reported 
prevalence of aggressive biological be- 
haviour (including both local recurrence 
and metastasis) is extremely variable, 
ranging from 5% to 66%, probably due 
to differences in the types of cases (con- 
secutive or consultation) included in the 
studies. 

The prognostic factors for epithelioid 
angiomyolipoma are largely undeter- 
mined. Nese et al. {2021} suggested 
that epithelioid angiomyolipoma with 
the presence of tuberous sclerosis and/ 
or concurrent classic angiomyolipoma, 
tumour size > 7 cm, the carcinoma-like 
morphological pattern, the involvement 
of perinephric fat and/or renal vein, and 
the presence of necrosis were associat- 
ed with disease progression, recurrence, 
metastasis, or death, thereby developing 
a prognostic parameter-based risk strati- 
fication model and dividing tumours into 
low (0-1 parameters), intermediate (2-3 
parameters), and high (= 4 parameters) 
risk categories. There were 15%, 64%, 
and 100% risks for disease progression 
among these groups, respectively. Of 
patients with > 3 adverse parameters, 
80% had disease progression. In a re- 
cent further study of 40 cases of renal 
epithelioid angiomyolipoma with atypia in 
which the epithelioid component ranged 
from 5% to 90%, factors associated with 
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malignancy included older age, large 
tumour size, higher proportion of epithe- 
lioid Component, severe atypia, higher 
percentage of atypical cells, higher mi- 
totic Count, necrosis, lymphovascular in- 
vasion, and renal vein invasion {348}. In 
contrast, another recent study based on 


consecutively resected cases found no 
such correlations {1147}. 


Leiomyoma 


Definition 


Leiomyoma is a benign smooth muscle 
tumour. 


ICD-O code 8890/0 


Epidemiology 


Older autopsy studies found that leio- 
myemas of the kidney had a prevalence 
Of UP to 5.5% {228,2994}, In a more con- 
temporary publication, they constituted 
approximately 0.3% of all resected tu- 
mours of the kidney {2347}. This differ- 
ence likely reflects the fact that most renal 
leiomyomas are asymptomatic and are 
not resected. The very low reported in- 
cidence 'N Current literature on resected 
Specimens is also related to the fact that 
almost all renal capsular leiomyomas, 
which constituted the highest proportion 
of the tumours in older studies {1911}, 
are NOW Considered to be HMB45-pos- 


itive leiomyomatous an io i 
myolipomas 
(301 ,2672,2749), Sia 


Clinical features 


Two thirds of the cases occur in females, 
and patient age at presentation ranges 
from Ihe second to sixth decades [1911 ). 


Fig. 1.81 Capillary haemangioma with anastomosing pattern- 


mours originate in the renal pelvis 
sel walls. 


ost tu 
and from ves 


roscOPpy a 
Uae tumours are small and are inciden- 


detected, but tumours weighing as 
tas as 37.2 kg have been reported 
mu 


{537}. 


ross and microscopic features are 
ilar fo those of the tumours’ counter- 
simi in soft tissues and other organs. 
arts cases May be related to EBV in im- 
Revocompromised patients (711). 


ition l ; 
pefin angioma is an uncommon benign 


ascular tumour of the kidney. 
v 


\cp-0 code 9120/0 
+ aamiology 
aa tumours occur predominantly in 


dults and only rarely in children and in- 
a r {1861,3052]. Renal haemangioma 
fe occur in the setting of systemic angi- 


ig, such as in Sturge-Weber and 


oS 
oma Trenaunay syndromes. There 
pak predisposing factors for sporadic 
tumours: 
clinical features 


haemangioma may be an inciden- 


| ‘ : - 
Seed on radiological studies per- 
Me d for other purposes, or patients 
a present with haematuria. 
m 

oscopy 
mr tumours are typically small, with a 


ee 


mean size of 2 cm, but tumours as large 
as 18 cmhave been reported {3019}. Re- 
nal haemangiomas are unencapsulated 
and circumscribed, with a spongy red 
appearance. Tumours most commonly 
occur in the renal hilum and less com- 
monly involve the renal cortex or capsule. 


Histopathology 

Both the capillary and cavernous types 
of haemangiomas have been reported in 
the kidney, but most of these tumours are 
capillary haemangiomas, which are char- 
acterized by acircumscribed proliferation 
of capillary-sized blood vessels that often 
entrap renal tubules {857}.Anastomosing 
haemangioma, a variant of capillary hae- 
mangioma, is characterized by anasto- 
mosing vascular channels surrounded 
by supportive non-endothelial cells 
reminiscent of splenic sinusoids {1861, 
1933}. The tumour may exhibit extra- 
medullary haematopoiesis. Anastomos- 
ing haemangioma has a predilection for 
the genitourinary tract, including kidney. 
All haemangiomas of the kidney lack the 
infiltrative growth and cytological atypia 
of angiosarcoma. 


Lymphangioma 


Definition : 

Lymphangioma is a rare benign renal tu- 
mour that arises from lymphatic channels 
or is the result of developmental malfor- 
mations of the lymphatic system {1861}. 
These tumours may arise from either the 
renal capsule or the cortex, but the ma- 
jority arise in the region of the renal pelvis 
or sinus. Tumours arising from the retro- 
peritoneum are more common than renal 
tumours {258}. 
ICD-O code 9170/0 
Epidemiology and clinical features 
One third of renal lymphangiomas occur 
in children and two thirds occur in adults. 
Unilateral or bilateral multiple lymphangi- 
omas can occur, and are referred to as 
lymphangiomatosis {1608}. Although 
these tumours are thought to be non- 
neoplastic, a karyotypic analysis of one 
tumour showed isochromosome 7q with 
loss of X, suggesting a neoplastic pro- 
cess {260}. 


Macroscopy 


Lymphangiomas are encapsulated, 


unilocular to complex multilocular, thin- 
walled cystic tumours ranging from a few 
centimetres in size up to 19 cm and re- 
placing the kidney {95,1999}. 


Histopathology 

The tumours are composed of thin- 
walled cysts lined by flattened endothe- 
lial cells and divided by fibrous septa. 
The lining cells are immunoreactive for 
CD31, CD34, podoplanin, and other en- 
dothelial markers, and are negative for 
cytokeratin. 


Haemangioblastoma 
Delahunt B. 


Cheville J. 
Moch H. 


Definition 

Haemangioblastoma is a tumour similar 
in morphology to capillary haemangio- 
blastoma of the central nervous system. 
It consists of stromal cells and abundant 
capillaries. 
ICD-O code 9161/1 
Epidemiology 

Haemangioblastoma is most commonly 
seen in the cerebellum. Rarely, tumours 
are extracranial. To date, 8 cases of renal 
haemangioblastoma have been reported 
{1284,2860,3023,3079}. 


Etiology 

Unlike cerebellar tumours, renal haeman- 
gioblastoma has not been linked to von 
Hippel—Lindau syndrome. 


Clinical features 

There have been 4 cases reported in 
males and 4 reported in females. The pa- 
tients ranged in age from 16 to 71 years, 
with a mean age of 50 years. Most tu- 
mours present as incidental findings. In 
symptomatic patients, abdominal and 
back pain, haematuria, and polycythae- 
mia have been reported. CT is non-spe- 
cific, with most tumours being heteroge- 
neously enhancing. 


Macroscopy 

The tumours range in size from 
1.2 to 6.8 cm (with a mean diameter of 
4.1 cm) and are well circumscribed and 
often encapsulated. The cut surface is 
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Fig. 1.82 Haemangioblastoma. 


grey, whitish yellow, or brown, and cen- 
tral cavitation may rarely be seen. 


Histopathology 

The tumours are well demarcated and 
cellular, consisting of sheets and occa- 
sionally lobulated nodules of ovoid cells. 
Most tumours show mild pleomorphism, 
although occasional bizarre nuclei are 
present. The cytoplasm is pale to eosino- 
philic, and cells showing rhabdoid mor- 
phology have been reported. The tumour 
cells often contain small pale vacuoles 
of intracytoplasmic lipids. Large eosino- 
philic cytoplasmic globules may also be 
seen. The tumour cells are set in an ar- 
borizing network of thin-walled vessels, 
which may be ectatic. Mitotic figures are 
rare. 

Immunohistochemistry shows positive 
expression of neuron-specific enolase, 
S100 protein, GLUT1, and vimentin. 
CD10 and epithelial membrane antigen 
may show rare and focal membranous 
staining, whereas nuclei are positive for 
PAX8. Muscle, melanoma, and neuroen- 
docrine markers are negative, and cy- 
tokeratins are usually negative. 


Genetic profile 
VHL gene mutation has not been demon- 
strated in these tumours. 


Genetic susceptibility 

Renal haemangioblastoma is spo- 
radic, with no known familial or genetic 
associations. 


Prognosis and predictive factors 

These are benign tumours. In reported 
cases, follow-up for as long as 9 years 
showed no evidence of recurrence or 
metastasis. 
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Fig. 1.83 Juxtaglomerular cell tumour. A Oedema results in microcystic spaces chara 


Ne, 


cteristic of the tumour; the tumour 


cells are uniform with round nuclei and absent nucleoli. B The tumour is strongly positive for CD34. 


Juxtaglomerular cell tumour 


Definition 

Juxtaglomerular cell tumour is a rare re- 
nin-secreting neoplasm arising from the 
specialized smooth muscle of the glo- 
merular afferent arteriole in the juxtaglo- 
merular apparatus of the kidney. 
ICD-O code 8361/0 
Epidemiology 

This tumour typically occurs in young 
adults (with peak incidence in the sec- 
ond to fourth decades) and has a female- 
to-male ratio of 2:1. These tumours have 
also been reported in children and older 
adults {1807}. Fewer than 100 cases 
have been reported, mostly in case re- 
ports or small series. 


Clinical features 

Patients present with severe and poorly 
controlled hypertension, hyperaldoster- 
onism, and hypokalaemia secondary to 
tumour renin secretion {561,562}. One 
patient was reported to be normotensive 
{1143}. Hypertension and hypokalaemia 
typically resolve after surgical removal, 


Fig. 1.84 Renomedulary interstitial 
matrix. 
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although 10% of patients remain mildly 
hypertensive {1807}. This tumour was 
assumed to be benign, but a recent, 
well-documented case of metastatic 
juxtaglomerular cell tumour was reported 
in a 52-year-old man {737}. The patient 
presented with a 15 cm necrotic tumour 
invading the renal vein and vena cava. 
Lung metastases developed 6 years af- 
ter removal of the primary tumour. 


Macroscopy 

Juxtaglomerular cell tumour is a circum- 
scribed yellowish-tan mass fully or par- 
tially surrounded by a fibrous capsule. 
The majority of tumours are 3-5 cm with 
rare haemorrhage or necrosis, but tu- 
mours as small as 0.2 cm and as large 
as 9-15 cm have been reported {1203, 
1433, 1548, 1807}. 


Histopathology 

These tumours are composed of relative- 
ly uniform polygonal to spindle cells with 
central round uniform nuclei and variable 
amounts of eosinophilic cytoplasm. No or 
only rare mitoses are seen. The tumours 
can have a papillary growth pattern 
{2700}, and entrapped renal tubules can 


be seen in about half of the cases. The 
tumours contain a prominent vasculature 
that consists of numerous small thin- 
walled vessels and clustered thick-walled 
vessels thatare often hyalinized. A haem- 
angiopericytomatous vascular pattern 
with gaping branching vessels may be 
present. Cytological atypia and necrosis 
can be seen, but are not associated with 
malignant behaviour {1807}. The tumours 
are immunoreactive for renin, vimentin, 
actin, CD34, and KIT {1433,1807}. Ultra- 
structural features include the diagnostic 
peripherally located, sharply angulated, 
rhomboid renin protogranules. 


Genetic profile 
Cytogenetic analyses show loss of chro- 
mosome 9 and 11, as well as aneusomy 
(329,398, 1546}. 


Renomedullary 
interstitial cell tumour 


ICD-O code 8966/0 
Synonym 
Medullary fibroma 


Epidemiology 

Renomedullary interstitial cell tumours 
are common autopsy findings in adults, 
reported in 16-42% of cases {1627,1760, 
2672}. They are rarely seen in children. 


Etiology 

These tumours arise from renomedullary 
interstitial cells, which play a role in the 
release of renin and regulate sodium ex- 
cretion. For this reason, they are thought 
to be related to systemic hypertension. 


Clinical features 

Renomedullary interstitial cell tumours 
are asymptomatic and often found in- 
cidentally at the time of nephrectomy 
in adults, where they may be single or 
multiple. Occasionally they may present 
as the main renal mass, discovered in- 
cidentally by abdominal imaging {211}. 
In autopsies and surgical resections, the 
number of tumours found is related to 
sampling. 


Macroscopy 

Most renomedullary interstitial cell tu- 
mours are 1-10 mm in diameter, al- 
though isolated cases measuring more 
than 5 cm have been described. They 


typically appear as white or pale-grey 
nodules within the renal medulla, and 
larger examples can expand the renal 
medulla and even protrude as a polypoid 
mass into the renal pelvis {211,1000, 
1760}. 


Histopathology 

Microscopically, the tumour cells are 
small, stellate, or spindled cells, embed- 
.ded in a faintly basophilic stroma remi- 
niscent of renal medullary stroma. Oc- 
casionally, the stroma can be densely 
collagenized. Some renomedullary in- 
terstitial cell tumours contain deposits 
of amyloid. In these, the delicacy of the 
stroma is lost and irregular eosinophilic 
deposits of amyloid are present, with 
nodules. Normal renal tubules can be 
entrapped, particularly at the periphery 
of the lesion. 


Schwannoma 


Definition 

Schwannomas are uncommon benign tu- 
mours that arise from the neural sheath of 
peripheral and cranial nerves {821,1004, 
1257}. 


ICD-O code 9560/0 
Epidemiology 
Renal schwannomas have been de- 


scribed only in adults and are distributed 
equally among men and women. 


Localization 
Involvement of visceral organs, includ- 
ing the kidney, is very rare, with reports 


mostly limited to small series and case 
reports (2530,2838). Within the kidney 
cases have been dascribed involving 
the renal parenchyma, hilum, renal pei- 
vis, and renal capsule |1004,1746,2530, 
2839}. 


Clinical features 

Patients have non-specific signs and 
symptoms. Malaise, weight loss, fever, 
and abdominal or flank pain are common 
findings. A palpable abdominal mass is 
often present. Haematuria may also be 
present {2530,2565,2839}. 


Macroscopy 

The tumours are well-circumscribed, 
sometimes lobulated, rounded masses. 
They are 4-16 cm in diameter (with a 
mean diameter of 9.7 cm) and vary in 
colour from tan to yellow {1275,2754}. 


Histopathology 

Microscopically, renal schwannoma is 
composed of spindle cells, often ar- 
ranged in a palisading pattern (called 
Antoni A pattern) along with less-cellular, 
loosely textured tumour areas with ectat- 
ic vessels and surrounding hyalinization 
(called Antoni B pattern) {2530}. Some 
tumours display histological features of 
cellular schwannomas, with hypercellular 
areas composed exclusively or predomi- 
nantly of Antoni A tissue and devoid of 
Verocay bodies {1004,2839,2982). All 
cases express S100 protein by immuno- 
histochemistry and lack markers of epi- 
thelial differentiation. 
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Solitary fibrous tumour 


ICD-O code 8815/1 
Synonym 

Haerrangiopericytoma 

(not recommended) 


Epidemiology 

Intrarenal solitary fibrous tumour is a rare 
neoplasm, with only about 40 cases re- 
ported in the English-language literature 
{1550}. The mean patient age at presen- 
tation is $2 years (range: 28-83 years). 


Clinical features 
Most tumours follow a benign clinical 
course; however, rare tumours with ag- 
gressive behaviour have been reported 
{1085}, some of which were benign in ap- 
pearance (2427). 


Macroscopy 

Patients usually present with large tu- 
mours, having a mean diameter of 
8.75 cm (range: 2-25 cm) {1550}. 


Histopathology 

The histological appearance of intrarenal 
solitary fibrous tumour is the same as that 
of solitary fibrous tumours at more com- 
mon soft tissue locations. The tumours 
are usually positive for STAT6, CD34, 
CD99, and Bcl2. 


Genetic profile 

Recurrent NAB2-STAT6 gene fusions 
have recently been identified in solitary 
fibrous tumour, and immunohistochemi- 
cal positivity for STAT6 is useful in the dif- 
ferential diagnosis {2334}. 
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Mixed epithelial and stromal tumour 


family 


Definition 

The mixed epithelial and stromal tumour 
(MEST) family encompasses a spectrum 
of tumours ranging from predominantly 
cystic tumours (adult cystic nephromas) 
to tumours that are variably solid (MESTs) 
and contain biphasic epithelial and stro- 
mal components with spindle stroma, 
glands, and cysts. 

Adult cystic nephroma was previously 
classified along with paediatric cystic 
nephroma, as a separate entity from 
MESTs. Adult cystic nephromas are lo- 
calized, well-circumscribed, multilocular 
tumours with non-communicating cysts 
lined by hobnail columnar or flattened 
epithelium. The septa consist of fibrous 
stroma, often with areas of cellular con- 
densation reminiscent of ovarian stroma 
{754,681A}. On the basis of similar age 
and sex distributions, as well as similar 
immunohistochemical profile and over- 
lapping histological features, adult cystic 
nephroma is now classified within the 
spectrum of the MEST family {2590}. Pae- 
diatric cystic nephroma is a distinct entity 
(see Paediatric cystic nephroma, p. 53). 


ICD-O codes 
Adult cystic nephroma 8959/0 
Mixed epithelial and 

stromal tumour 8959/0 


Synonyms 
Cystic hamartoma of the renal pelvis (not 
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Fig. 1.85 Mixed epithelial and stromal tumour. Most 
mixed epithelial and stromal tumours have a prominent 
cystic component grossly. 


recommended) {1868,2749}: leiomy- 
omatous renal hamartoma (not recom- 
mended); renal epithelial stromal tumour 
{2242} 


Epidemiology 
Members of the MEST family are rare 
tumours. 


Etiology 

These tumours are potentially related to 
hormonal imbalance or other hormonal 
factors {17,2760}. 


Clinical features 

These tumours typically occur in peri- 
menopausal women, with a mean patient 
age of 52 years. The female-to-male ra- 
tio is 7:1. In male patients, there is often 
a history of hormone therapy {17,1887, 
2760}. Presenting symptoms include 


Fig. 1.86 Mixed epithelial and stromal tumour. A The stromal component of these tumours often has a dense spindle appearance reminiscent of ovarian stroma. B The epithelial 


cells may have endometrioid morphology or may show ciliated metaplasia (inset). 
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pain, haematuria, and symptoms of uri- 
nary tract infection; however, the tumours 
may also be found incidentally. On radio- 
logical studies, as many as 70% of these 
tumours have a solid enhancing compo- 
nent {1577}. 


Localization 
Members of the MEST family are always 
unilateral. 


Macroscopy 

These tumours are solitary and involve 
the medulla (bulging into the renal pelvis) 
or the cortex and the medulla, or they may 
be centred within the renal pelvis {1887, 
2760). They are typically unencapsulated 
but well circumscribed (with rare excep- 
tions), with a mean size of 9 cm. They 
display variable proportions of solid and 
cystic components, although the latter of- 
ten predominates. The solid areas have a 
firm, white cut surface and are typically 
more extensive than in cystic nephroma 
(which by definition is mostly composed 
of cysts in which the intervening septa 
consist of fibrous stroma) {1887,2760}. 


Histopathology 


On low-power examination, most tu- 


mours are well circumscribed and show 
variably sized cysts and glands separat- 
ed by stroma. The epithelial component 
consists mostly of medium-sized cysts 
and glands/tubules and less commonly 
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Fig. 1.87 Mixed epithelial and 


collecting 


of small or very large cysts or glands 
with phyllades-type architecture, some- 
times closely packed and sometimes 
widely separated. They are lined by flat 
to cuboidal, hobnail, or (rarely) columnar 
cells, with eosinophilic, amphophilic, or 
vacuolated cytoplasm {17,1887,2760, 
3088}. Focally, the epithelium has Mulle- 
rian features, including endometrioid and 
tubal appearance; rarely, it may be py- 
loric and/or intestinal or urothelial {3011}. 
The stroma ranges from hypocellular and 
collagenous to markedly cellular. Stromal 
condensation may be seen around the 
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stromal tumour. A The epithetial component has a hobnail morphology similar to that of 
ducts. B Stromal luteinization within the dense ovarian-type stroma may be seen. 


epithelial component and (rarely) myxoid 
change can occur {1887}. Smooth mus- 
cle metaplasia is common, sometimes 
forming large nodules (up to several cen- 
timetres). Lipomatous metaplasia is less 
common. Ovarian-type stroma is often 
present and may undergo secondary 
luteinization {2760}. Cytological atypia 
is usually minimal in both components, 
and mitoses are rare, as are necrosis 
and haemorrhage. Malignant transforma- 
tion can rarely occur, with a morphology 
resembling that of a stromal sarcoma 
{2654}, carcinosarcoma {1551,2652}, 


Thabdomyosarcoma {1865}, chondrosar- 
Coma, undiftergniiated sarcoma { 1353], 
Sr malignant tumour with rhabdoid tea- 
lures {2635}. The strornal component is 
lypically positive tor actin, desmin, CD10, 
and estrogen and progesterone recep- 
tors (17,.2760,3088}, The ovarian-type 
Stroma (particularly if luleinized) may ex- 
Press inhibin and calretinin 12760). 


Genetic profile 

Unsupervised clustering of mRNA ex- 
Pression profile has shown a similar ex- 
Pression profile in mixed epithelial and 
Stromal tumour and cystic nephroma, 
Supporting the theory that these tumours 
are part of a single spectrum of disease 
{3088}. They do not show the abnormali- 
ties in chromosomes 8, 11, or 17 seen in 
Congenital cellular mesoblastic nephro- 
Ma {2212}. 


Prognosis and predictive factors 

Most of these tumours are benign, but 
rare examples are associated with ag- 
Qressive behaviour, particularly when 
they develop malignant transformation. 
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Neuroendocrine tumours 


Definition 

A primary renal neuroendocrine tumour 
is a tumour that occurs within the renal 
parenchyma and demonstrates neu- 
roendocrine differentiation based on 
morphology and immunohistochemistry. 
These tumours span a spectrum from 
well-differentiated tumours (carcinoid 
and atypical carcinoid tumours) to high- 
grade neuroendocrine carcinomas (large 
cell and small cell neuroendocrine carci- 
nomas). High-grade tumours arising from 
the renal pelvic urothelial mucosa must 
be excluded, because these are more 
common than tumours of renal origin 
{1903,2521]}. In cases of paraganglioma, 
tumours arising from the perihilar sympa- 
thetic ganglia must be excluded {3021}. 


ICD-O codes 

Well-differentiated 
neuroendocrine tumour 

Large cell neuroendocrine 
carcinoma 

Small cell neuroendocrine 
carcinoma k 


8240/3 
8013/3 
8041/3 


Synonym 
Carcinoid tumour (not recommended) 


Epidemiology 

These tumours occur in adults, with a 
wide patient age range of 21 to 87 years 
and equal sex distribution {1545,1578, 
2693}. There are no predisposing ge- 
netic conditions, but approximately 15% 
of well-differentiated tumours arise in a 
horseshoe kidney {1519}. 


Localization 
Neuroendocrine tumours can occur any- 
where in the kidney. 


Clinical features 

Patients present with haematuria or 
abdominal pain. Neuroendocrine tu- 
mours are not associated with carcinoid 
syndrome. 


Macroscopy 
Well-differentiated tumours are yellow 
and usually < 8 cm. They may exhibit 
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haemorrhage but not necrosis {1116, 
1578}. High-grade tumours are larger 
and nearly all exhibit necrosis {1578}. 
Paragangliomas have features identical 
to those of tumours at other sites. 


Histopathology 

Most well-differentiated tumours are com- 
posed of tightly packed trabeculae, but 
sheet-like and nested growth patterns 
also occur {1116}. The cells are uniform, 
with stippled chromatin and inconspicu- 
ous nucleoli. The tumours lack necrosis 
and usually have low mitotic activity (< 4 
mitotic figures per 10 high-power fields). 
Rarely, tumours may be associated with 
a teratoma (138,3027}. Large cell neu- 
roendocrine carcinomas have large nu- 
clei, abundant cytoplasm, and prominent 
nucleoli, and often show necrosis and 
prominent mitotic activity {1578}. Small 
cell neuroendocrine carcinoma is com- 
posed of small cells with hyperchromatic 
nuclei associated with necrosis and a 
high mitotic rate. Both large cell neu- 
roendocrine carcinomas and small cell 
neuroendocrine carcinomas can have 
areas with a nested, trabecular, or solid 
growth pattern with rosette or tubule 
formation {1545}. Nearly all neuroendo- 
crine carcinomas stain with markers of 
neuroendocrine differentiation, includ- 
ing chromogranin, neuron-specific eno- 
lase, synaptophysin, and CD56. Positive 
expression of CD99 may also be seen. 
Markers such as WT1, CK7, CK20, thy- 
roid transcription factor 1, and leukocyte 
common antigen are absent, ruling out 
most other differential diagnoses. 


Genetic profile 

Well-differentiated tumours may show 
LOH for 3p12-3p21, similar to clear cell 
renal cell carcinoma {156}. 


Prognosis and predictive factors 

Patients with well-differentiated tumours 
are often found to have regional lymph 
node metastasis at nephrectomy. These 
may progress to distant visceral metas- 
tases but usually have a prolonged clini- 
cal course {156,1116,1578,2693}. Stage 
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Fig. 1.88 Neuroendocrine carcinoma. The cells have dis- 
persed chromatin and inconspicuous nucleoli. 


is the strongest predictor of survival. The 
prognostic value of histological param- 
eters is unknown. Some studies have 
correlated poor patient prognosis with 
increased mitotic activity and cytological 
atypia. High-grade tumours (large cell 
and small cell neuroendocrine carcino- 
mas) are aggressive, with most patients 
dying of metastases {333,2693}. Ne- 
phrectomy with platinum-based chemo- 
therapy is the most common treatment 
approach for high-grade tumours {1545}. 
There are too few primary renal paragan- 
gliomas to determine their prognosis or 
identify their predictive factors. 


Paraganglioma 


Definition 

Paraganglioma is a neuroendocrine 
neoplasm arising in specialized neural 
crest tissue associated with autonomic 
ganglia. 
ICD-O code 8700/0 
Synonym 

Extra-adreanal phaeochromocytoma 


Epidemiology 
Renal paragangliomas are extremely 
rare. The tumours have been reported in 
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adults, and there are no known predis- 
posing conditions. 


Localization 
These tumours occur in the renal hilum, 


Clinical features 

Patients present with pain, headache, 
and tachycardia. One patient present- 
ed with haemoptysis related to pulmo- 
nary metastases {1566}. Serum meta- 
nephrines are elevated {3021}. 


Fig. 1.89 Paraganglioma. A The tumour has a nested growth patte 
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n. B Intense chromogranin reactivity, 
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Macroscopy 
The tumours are greyish white. 


Histopathology 

The renal tumours are histologically iden- 
tical to paragangliomas at other sites. 
The tumour cells are arranged in distinc- 
tive nests (called Zellballen) surrounded 
by a delicate vascular network {2111}. 
The tumour cells are positive for synap- 
tophysin, neuron-specific enolase, and 
chromogranin. Cytokeratin stains are 


Renal haematopoietic neoplasms 


Definition / 

A primary renal lymphoma (PRL) is a 
lymphoma involving the kidney with no 
evidence of a systemic lymphoprolifera- 
tive disorder. The clinicopathological fea- 
tures, genetic profile, and prognosis as- 
sociated with a PRL are similar to those 
associated with lymphomas occurring 
at other sites, which are detailed in the 
volume WHO classification of tumours 
of haematopoietic and lymphoid tissues 
{2658}. 


Epidemiology 

PRLs account for < 1% of all extranodal 
lymphomas; the majority of the lympho- 
mas seen in the kidney represent second- 
ary involvement by systemic lymphoma 
and are associated with advanced-stage 
disease {914,2110}. Disseminated dis- 
ease following the diagnosis of PRL is 


di 


common {2313,2359}. Epidemiological 
data show that age-adjusted incidence 
rates of marginal zone lymphomas of mu- 
cosa-associated lymphoid tissue origin 
in the kidney/renal pelvis are generally 
increasing in the USA {1416}. Occasion- 
ally, patients may have concurrent renal 
cell carcinoma and lymphoma {471}. 
There is a male predominance, and pa- 
tient age ranges from the second to the 
eighth decade (619,857, 1128}. 


Etiology 

Almost all lymphomas encountered in 
the kidney are B-cell lymphomas. PRLs 
arising in transplanted kidneys are usu- 
ally EBV-associated monomorphic or 
polymorphic B-cell lymphoproliferations 
of donor origin and are related to iatro- 
genic immunosuppression {498,952, 
1859,2972}. 


negative, and sustentacular cells are 
$100-positive. 


Prognosis and predictive factors 

Most reported cases are benign, but 
one malignant case has been reported 
{1566}. As with tumours at other sites, 
there are no histological features that 
definitively predict aggressive tumour 
behaviour. 
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Clinical features 

Typical symptoms include flank pain, ab- 
dominal pain, weight loss, malaise, loss 
of appetite, and haematuria. Renal failure 
due to involvement by lymphoma is un- 
common {857}. Lymphomas diagnosed 
at nephrectomy are usually primary or 
incidental and are clinically suspected to 
be renal cell carcinoma. 


Macroscopy 

In patients with primary lymphoma, a 
mass-like presentation, with multiple 
tumour nodules, that resembles an epi- 
thelial tumour may be present. Involved 
kidneys with primary or secondary lym- 
phomas typically show either a diffusely 
enlarged kidney or a nodular pattern of 
involvement (single or multiple). In sec- 
ondary lymphoma, bilateral and multifo- 
cal involvement is common, occurring in 
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Fig. 1.90 


Renal lymphoma with extension to the 
perinephric tissue. 


10-40% of cases {619,709,857,1128}. 
The cut surface is usually homoge- 
neous, fleshy, firm, and pale, but necro- 
sis, haemorrhage, cystic change, calcifi- 
cations, and tumoural thrombus formation 
in the renal vein may occur {2788,2894}. 
Intravascular large B-cell lymphoma may 
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Fig. 1.91 Lymphomas encountered in kidney. A Mar: 


involve the kidney but causes no macro- 
scopic change {2952}. 


Histopathology 

The histological patterns of involve- 
ment include a solid lymphoid infiltrate 
and a diffuse infiltration in the renal in- 
terstitium usually sparing glomeruli; the 
latter pattern is more common in biopsy 
specimens. 

The majority of lymphomas involving the 
kidney are classified as high-grade lym- 
phomas {857,2447}. All of the various 
morphological subtypes of lymphoma 
have been documented, with diffuse 
large B-cell lymphomas being the most 
common; other types include Burkitt lym- 
phoma, plasmablastic lymphoma, and 
lymphoblastic lymphoma. The full range 
of low-grade lymphomas have also been 
reported in the kidney, including mar- 
ginal zone B-cell lymphoma, extranodal 
marginal zone B-cell lymphoma of mu- 
cosa-associated lymphoid tissue origin, 
small lymphocytic lymphoma, mantle cell 
lymphoma, follicular lymphoma, and lym- 
phoplasmacytic lymphoma (see Table 
4,07, p. 241). With the exception of folli- 
cular lymphomas, these lymphomas typi- 
cally show a diffuse growth pattern {948}. 
In renal cases of intravascular large B- 
cell lymphoma, neoplastic cells are seen 
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within glomerular and interstitial capillar- 
ies {615,2901}. Hodgkin lymphoma may 
rarely involve the kidney. 

B-cell lymphomas arising in post-trans- 
plant lymphoproliferative disorders result 
from an uncontrolled proliferation of EBV- 
transformed B-cells, forming expansile 
nodules with areas of serpiginous ne- 
crosis. As with lymphomas in other body 
sites, immunohistochemical stain panels 
and flow cytometric and molecular ge- 
netic studies are necessary for a defini- 
tive diagnosis of lymphoma in cases in- 
volving the kidney. 


Prognosis and predictive factors 

PRLs demonstrate progressive dis- 
ease, with median survival ranging from 
5.5 to 34 months {1491}. Secondary 
renal lymphoma is usually associated 
with advanced disease and has a poor 
prognosis. 


Plasmacytoma 

Primary renal plasmacytomas are ex- 
ceeding rare, but some examples have 
been documented in the literature {1274}. 
Plasmacytomas in the kidney are gener- 
ally an extramedullary manifestation of 
advanced multiple myeloma; therefore, 
comprehensive laboratory, radiological, 
and bone marrow investigations should 


scant cytoplasm. C Lymphoplasmacytic lymphoma in the tubulointerstitial region forming collections of lymphoplasmacytic cells and plasma cells. D Lymphoblastic lymphoma. 
E Diffuse large B-cell lymphomawith clusters of largelymphoma cells. F Intravascular lymphoma illustrating atypical large lymphoid cells in small vessels and capillaries. 
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Fig. 1.92 Renal cyst wall infiltrated by an extranodal 
marginal zone B-cell lymphoma of mucosa-associated 
lymphoid tissue origin. 


Germ cell tumours 


A wide spectrum of trophoblastic tumours 
may involve the kidney, although these 
tumours are extremely rare. The most 
common histological subtype is cho- 
riocarcinoma, which is more likely to be 
metastatic from the testis than to be a pri- 
mary renal tumour {697A,1243A,2917A}. 
Even with tumours diagnosed as primary 
renal choriocarcinoma, the possibility 
of an occult testicular primary has not 
always been excluded {1750A,1893A}. 


be performed to render, by exclusion, a 
diagnosis of primary plasmacytoma of 
the kidney. Plasmacytoma of the kidney 
is morphologically similar to plasmacy- 
tomas occurring at other sites; therefore, 
the morphology, phenotype, genetics, 
and prognostic factors are similar to 
those discussed in the WHO classifica- 
tion of tumours of haematopoietic and 
lymphoid tissues {2658}. 


Leukaemia 

Kidney infiltration due to leukaemic cells 
is observed more often in acute lymphoid 
or myeloid leukaemias but also (rarely) 


Choriocarcinoma may also involve the 
kidney as a primary tumour in the spec- 
trum of invasive urothelial carcinomas of 
the pelvicalyceal system, with tropho- 
blastic differentiation with a predominant 
choriocarcinomatous component {1039}. 
The most common primary germ cell tu- 
mours (GCTs) in the kidney are terato- 
mas, most of which are mature and occur 
in prepubertal patients {1272A,2530A)}. 
There is an association with carcinoid 


in chronic lymphocytic leukaemia. In 
both cases, the infiltration represents 
an extramedullary spread of disease. A 
tumour-forming myeloid cell mass with 
effacement of the normal tissue architec- 
ture in an extramedullary site is defined 
as myeloid sarcoma. This type of mani- 
festation can be de novo or can precede 
or follow a myeloid neoplasm (e.g. acute 
myeloid leukaemia, myelodysplastic syn- 
drome, or myeloproliferative neoplasia). 
A myeloid sarcoma diagnosis signifies 
acute myeloid leukaemia regardless of 
blood and bone marrow findings (838, 
2214}. 
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tumour {137A}, renal dysplasia {2102A}, 
and horseshoe kidney {2639A}. Other 
GCTs reported in the kidney include 
mixed GCTs with yolk sac tumour and 
teratoma components {1680A}. Syncytio- 
trophoblastic giant cells may be present 
in renal cell carcinoma and urothelial car- 
cinoma involving the kidney and do not 
represent GCTs {1706,2963A}. 
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Metastatic tumours 


Definition 

Metastatic tumours to the kidney are ma- 
lignant non-renal neoplasms that involve 
the kidney secondarily through haema- 
togenous spread. 


Epidemiology 

Metastatic tumours to the kidney are un- 
common {973}, with an incidence of 11% 
on fine-needle aspirates interrogating 
renal masses {954}. A radiology study 
showed that the kidney was the eighth 
most common site of metastatic spread 
from non-renal primary malignancies 
{2165}. 


Clinical features 

Metastatic tumours to the kidney often 
resemble primary renal tumours, due to 
their unilaterality and unifocality, the ab- 
sence of involvement of other organs, 
and a substantial period of time between 
the diagnosis of primary disease and 
the renal metastases {2988}. Even in pa- 
tients harbouring another malignancy, 
renal masses are often not metastases 
{2408}, with incidental synchronous pri- 
mary tumours being as common as renal 
metastases {2165}. Progression of origi- 
nal primary disease and lack of imaging 
enhancement are factors predictive of re- 
nal metastases {2408}. Flank pain {1034} 
and haematuria {1052} are presenting 
symptoms. 


Tumour spread 

Common primary sites are the lung, 
breast, gynaecological tract, and head 
and neck {2988}. The thymus {2009}, 
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Fig. 1.93 Breast carcinoma metastatic to the kidney. A At lo 
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is composed of anastomosing trabeculae of carcinoma cells. C Immunohistochemistry for estrogen receptor shows 


diffuse positive nuclear reactivity of tumour cells. 


colon {621}, thyroid {648,1038}, and 
stomach {2892} may also be primary 
sites. Rare occurrences of metastases 
to primary renal tumours such as onco- 
cytoma, angiomyolipoma, and renal cell 
carcinoma have been described (20,66, 
75,1229,2075}. 


Macroscopy 

Macroscopically, metastatic tumours to 
the kidney can be solitary. These must 
be distinguished from renal cell and 


urothelial carcinomas {2988}, because 
clinical management differs. 


Histopathology 

The microscopic appearances are those 
of the primary tumours. Clinical informa- 
tion, histological correlation with the pri- 
mary tumour, and radiological findings 
are helpful in determining the correct 
diagnosis {973}. Immunohistochemistry 
may help to definitively diagnose ambig- 
uous cases {2300,2675}. 


CHAPTER 2 


Tumours of the urinary tract 
Infiltrating urothelial carcinoma 


Non-invasive urothelial lesions 
Squamous cell neoplasms 
Glandular neoplasms 
Urachal carcinoma 
Tumours of Mullerian type 
Neuroendocrine tumours 
Melanocytic tumours 
Mesenchymal tumours 
Haematopoietic and lymphoid tumours 
Carcinoma of Skene, Cowper, and Littre glands 
Metastatic tumours 
Epithelial tumours of the upper urinary tract 
Epithelial tumours arising in a bladder diverticulum 


Urothelial tumours of the urethra 


ae 


WHO classification of tumours of the urothelial tract 
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Urothelial tumours 


Infitrating urothelial carcinoma 8120/3 
Nested, including large nested 
Microcystic 
Micropapillary 8131/3 
Lymphoepithelioma-like 8082/3 
Plasmacytoid / signet ring cell / diffuse 
Sarcomatoid 8122/3 
Giant cell 8031/3 
Poorly differentiated 8020/3 
Lipid-rich 
Clear cell 
Non-invasive urothelial lesions 
Urothelial carcinoma in situ 8120/2 
Non-invasive papillary urothelial 
carcinoma, low-grade 8130/2 
Non-invasive papillary urothelial 
carcinoma, high-grade 8130/2 
Papillary urothelial neoplasm of 
low malignant potential 8130/1 
Urothelial papilloma 8120/0 
Inverted urothelial papilloma 8121/0 
Urothelial proliferation of uncertain 
malignant potential 
Urothelial dysplasia 
Squamous cell neoplasms 
Pure squamous Cell carcinoma 8070/3 
Verrucous carcinoma 8051/3 
Squamous cell papilloma 8052/0 
Glandular neoplasms 
Adenocarcinoma, NOS 8140/3 
Enteric 8144/3 
Mucinous 8480/3 
Mixed 8140/3 
Villous adenoma 8261/0 
Urachal carcinoma 8010/3 
Tumours of Mullerian type 
Clear cell carcinoma 8310/3 
Endometrioid carcinoma 8380/3 
WHO classification of tumours of the urothelial tract 


Neuroendocrine tumours 

Small cell neuroendocrine carcinoma 
Large cell neuroendocrine carcinoma 
Well-differentiated neuroendocrine tumour 
Paraganglioma 


Melanocytic tumours 
Malignant melanoma 
Naevus 

Melanosis 


Mesenchymal tumours 
Rhabdomyosarcoma 
Leiomyosarcoma 
Angiosarcoma 
Inflammatory myofibroblastic tumour 
Perivascular epithelioid cell tumour 
Benign 
Malignant 
Solitary fibrous tumour 
Leiomyoma 
Haemangioma 
Granular cell tumour 
Neurofibroma 


Urothelial tract haematopoietic and 
lymphoid tumours 


Miscellaneous tumours 


Carcinoma of Skene, Cowper, and Littre glands 


Metastatic tumours and tumours extending 
from other organs 

Epithelial tumours of the upper urinary tract 

Tumours arising in a bladder diverticulum 

Urothelial tumours of the urethra 


8041/3 
8013/3 
8240/3 
8693/1 


8720/3 
8720/0 


8900/3 
8890/3 
9120/3 
8825/1 


8714/0 
8714/3 
8815/1 
8890/0 
9120/0 
9580/0 
9540/0 


8140/3 


The morphology codes are from the International Classification of Diseases 
for Oncology (!CD-O) {917A}, Behaviour is coded /0 for benign tumours; 

/ for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in 
situ and grade III intraepithelial neoplasia; and /3 for malignant tumours 
The classification is modified from the previous WHO classification {756A}, 


taking into account changes in our understanding of these lesions. 
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TNM classification of carcinomas of the urinary bladder 


TNM classification®» 


T - Primary tumour 


TX 
TO 
Ta 
Tis 
T1 
T2 
T2a 


T2b 
TS 
T3a 
T3b 
T4 


T4a 


T4b 


Primary tumour cannot be assessed 
No evidence of primary tumour 
Non-invasive papillary carcinoma 
Carcinoma in situ: “flat tumour" 
Tumour invades subepithelial connective tissue 
Tumour invades muscularis propria 
Tumour invades superficial muscularis propria 
(inner half) 
Tumour invades deep muscularis propria (outer half) 
Tumour invades perivesical tissue: 
Microscopically 
Macroscopically (extravesical mass) 
Tumour invades any of the following: prostatic stroma, 
seminal vesicles, uterus, vagina, pelvic wall, 
abdominal wall 
Tumour invades the prostatic stroma, seminal vesicles, 
uterus, or vagina 
Tumour invades the pelvic wall or abdominal wall 


N — Regional lymph nodes 


NX 


Regional lymph nodes cannot be assessed 


NO 
N1 


N2 


N3 


No regional lymph node metastasis 

Metastasis l0 a single lymph node in the true pelvis 
(a hypogastric, obturator, external iliac, or presacral 
lymph riode) 

Metastasis to multiple lymph nodes in the true pelvis 
(hypogastric, obturator, external iliac, or presacral 
lymph nodes) 

Metastasis to common iliac lymph node(s) 


M - Distant metastasis 


MO No distant metastasis 

M1 Distant metastasis 

Stage grouping 

Stage 0a Ta NO MO 

Stage Ois Tis NO MO 

Stage | T1 NO MO 

Stage II T2a-b NO MO 

Stage III T3a-b NO MO 
T4a NO MO 

Stage IV T4b NO MO 
Any T N1-3 MO 
Any T Any N M1 


TNM classification of carcinomas of 
the renal pelvis and ureter 


TNM classification®» 


T — Primary tumour 


TX 
TO 
Ta 
Tis 
Ti 

T2 
T3 


T4 


Primary tumour cannot be assessed 

No evidence of primary tumour 

Non-invasive papillary carcinoma 

Carcinoma in situ 

Tumour invades subepithelial connective tissue 
Tumour invades muscularis 

(Renal pelvis) Tumour invades beyond muscularis into 
peripelvic fat or renal parenchyma 

(Ureter) Tumour invades beyond muscularis into 
periureteric fat 

Tumour invades adjacent organs or through the kidney into 
perinephric fat 


N — Regional lymph nodes 


NX 
NO 
N1 


Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastasis in a single lymph node < 2cmin greatest 
dimension 


N2 


N3 


Metastasis in a single lymph node > 2 cm but < 5 cm in 
greatest dimension, or in multiple lymph nodes < 5 cm in 
greatest dimension 

Metastasis in lymph node(s) > 5 cm in greatest dimension 


M — Distant metastasis 


MO No distant metastasis 

M1 Distant metastasis 

Stage grouping 

StageOa Ta NO MO 

Stage Ois Tis NO MO 

Stage | T1 NO MO 

Stage Il T2 NO MO 

Stage Ill 13 NO MO 

Stage IV T4 NO MO 
Any T N1-3 MO 
Any T Any N M1 


"Adapted from Edge et al. [759} - used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois; the original and primary source for 
this information is the AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer Science+Business Media - and Sobin et al. 12558A} 
°A help desk for specific questions about TNM classification is available at http://www.uicc.org/resources/tnm/helpdesk 


TNM classification of carcinomas of the urethra 
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TNM classification” 


T ~ Primary tumour 
TX Primary tumour cannot be-assessed 
TO No evidence of primary tumour 


Urethra (male and tamale) 

Ta Non-invasive papillary, polypoid, or verrucous carcinoma 

Tis Carcinoma in silu 

Ti Tumour irwades subeplihellal conneciive tissus 

T2 Tumour invades any of the following: corpus spongiosum, 
prostata, periurathral muscle 

T3 Tumour invades any of the following: corpus cavernosum, 
beyond prostalle capsules. bladder neck (extraprostatic 
extension) 

T4 Tumour invades olher adjacent organs (invasion of the 
bladder) 


urothelial carcinoma of the prostate (prostatic urethra) 

Tis. pu Carcinoma in situ, involvement of prostatic urethra 

Tis pd Garcinoma in situ, involvement of prostatic ducts 

mA Tumour Invades subepithelial connective tissue 
(for tumours Involving prostatic urethra arily) 

T2 Tumour invades any of the following; prostatic stroma, 
corpus spongiosum, periurethral muscle 

13 Tumour invades any of the following: corpus cayernosum, 
beyond prostatic capsule, bladder neck (extraprostatic 
extension) 

T4 Tumour invades other adjacent organs (invasion of 
ihe bladder) ` 


N — Regional iymph nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph nose metastasis 

Ni Metastasis ina single lymph node <2 cm in greatest 
dimension 

N2 Metastasis in asingle lymph node > 2.¢m in greatest 
dimension, or- in multiple lymph nodes 


M = Distent metastasis 
MO No distant metastasis 
Mi Distant metastasis 


Stage grouping 
Stage0a Ta NO MO 
Stage Ois Tis NO MO 
Tis pu NO MO 
Tis pd NO MO 
Stage | 1 NO MO 
Stage I| T2 NO MO 
Stage II T1-2 Ni MO 
T3 NO-1 MO 
Stage IV T4 NO-1 MO 
Any T N2 MO 
Any T Any N M1 


“Adapted from Edge et al. (759} — used with permission of Ihe American 
Joint Committee on Cancer (AJCC), Chicago, Illinois; tho originat and pri- 
mary source for thls Information is the AJEG Cancer Staging Manual, Sev- 
enth Edition (2010) published by Springer Sclence+Business Media - and 
Sobin el al, [2558A]. 

tA help desk for specific questions about TNM classification is available at 
http:/www.uice.org/resources/inm/nelpdesk. 


Urothelial tumours 
infiltrating urothelial carcinoma 


Definition . 
trating urothelial carcinoma tS the 


| common malignant neoplasm of the 
urinary tact and characterizee by a pro- 
pensily: tol divergent differentiation. The 
defining histological criterion IS invasion 
beyond the basement membrane. 


ICD-O codes 
infiltrating urothelial carcinoma 8120/3 
Micropapillary urothelial 

carcinoma 8131/3 
|_ymphoepithelioma-like 

urothelial carcinoma 8082/3 
Sarcomatoid urothelial 

carcinoma 8122/3 
Giant cell urothelial carcinoma 8031/3 
Peorly differentiated carcinoma 8020/3 


Synonym 
Transitional cell carcinoma 
(net recommended) . 


Epidemiology 

Worldwide, urinary bladder cancer is the 
seventh most common cancer, with an 
estimated global incidence of 330 380 
new cases in 2012 {848}. In the USA, 
Canada, andthe European Union, the uri- 
nary bladder is estimated to be the fourth 
leading site of new cancer diagnoses in 
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men, with an estimated incidence in the 
USA of 74 690 new cases in 2014 {2522}. 
Recent epidemiological data support a 
decline of bladder cancer incidence in 
some countries, but substantial world- 
wide regional variations in bladder can- 
cer incidence and mortality still exist 
{465,1449,2522). 

Bladder cancer is 3-4 times as common 
in males as in females. The median pa- 
tient age at diagnosis is 65-70 years, 
with a wide age distribution that includes 
children. The excess of bladder cancer 
in males compared with females is not 
fully explained by differences in known 
risk factors such as smoking and occu- 
pational exposures. Mortality is also dif- 
ferent between the sexes, at 2-10 deaths 
per 100 000 males per year and 0.5- 
4 deaths per 100 000 females per year. 
In both sexes, the highest incidence 
rates of bladder cancer are observed 
in western Europe, North America, and 
Australia. In general, the prevalence of 
bladder tumours in developed countries 
is about six times the prevalence in de- 
veloping countries {1449}. 

There are significant variations in inci- 
dence, morbidity, and mortality rates of 
bladder cancer in different countries and 
ethnic groups. Bladder cancer incidence 
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Fig. 2.01 Bladder cancer, Estimates of the age-standardized rate (ASR) of incidence and mortality in both sexes (A) 
and males only (B), adjusted to the world (W) standard age distribution. From Ferlay et al. {848}. 
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is twice as high among White Americans 
as it is among African-Americans, but 
overall survival among Atrican-Ameri- 
cans seems to be worse. The higher in- 
cidence among White Americans com- 
pared with African-Americans is limited 
to non-muscle-invasive tumours, with 
both racial groups having similar risk of 
invasive cancer {1449}. 

The most common type of bladder can- 
cer is urothelial carcinoma, which ac- 
counts for about 90% and 80% of blad- 
der cancers in industrialized countries 
and other parts of the world, respectively 
Other types of bladder cancer, such as 
squamous Cell carcinoma (SCC) and ad- 
enocarcinoma, are much less common. 
Primary adenocarcinoma of the bladder 
accounts for only 0.5-2% of all bladder 
cancers. SCC accounts for 1-7% of blad- 
der cancers in industrialized countries 
{1449,2522). 

Approximately 70-80% of patients with 
newly diagnosed bladder cancer present 
with non-invasive or early invasive (non— 
muscularis propria—invasive) disease 
(stage Ta, Tis, or T1). With these tumours, 
recurrence is common (occurring in 50- 
70% of cases), but progression occurs in 
only 15-25% of cases {1449} 


Etiology 


Inherited cancer synaromes 

Lynch syndrome is an autosomal domi- 
nant disorder caused by a defect in a 
DNA mismatch repair gene. Patients are 
predisposed to certain types of extraco- 
lonic tumours, including tumours at en- 
dometrial, small bowel, stomach, ovarian, 
hepatobiliary, brain, skin, and urinary tract 
sites. Upper tract urothelial neoplasms 
reportedly occur at a higher incidence, 
but emerging evidence suggests an in- 
creased (but smaller) risk of urothelial 
neoplasia in the bladder as well {1970}. 
Bladder cancer has been reported in pa- 
tients with hereditary retinoblastoma, in 
whom its occurrence has been attributed 
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Fig. 2.02 Urinary bladder cancer. Worldwide variation in age-standardized rates of incidence (A) and mortality (B) 
among males. Incidence is approximately four times and mortality three times higher than in females. From Ferlay et 


al. {848}. 


to radiation and/or cyclophosphamide 
therapy. 

Bladder cancer is sometimes a compo- 
nent of Costello syndrome. Patients with 
this syndrome have been reported to de- 
velop papillary urothelial carcinoma dur- 
ing childhood {1970}. 


Environmental factors that play an impor- 
tant role in upper and lower urinary tract 
carcinogenesis include exposure to a 
wide variety of chemical compounds that 
may enter the body through the airways 
or digestive tract {555,1632}. 


Smoking, particularly cigarette smok- 
ing, is a well-established risk factor for 
urothelial carcinoma of the lower and 
upper urinary tract {2233,3062}. The 
risk of bladder cancer is correlated with 
duration and intensity of smoking, and 
cessation of smoking gradually reduces 
the risk of bladder cancer over time. In 
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a prospective cohort study conducted in 
the Netherlands, 23% of bladder cancers 
in females and 50% in males were attrib- 
uted to smoking {3060}. The effects of 
cigarette smoking are linked to multiple 
chemical agents, particularly aromatic 
amines (such as 2-naphthylamine and 
4-aminobiphenyl), which are metabo- 
lized in the body, triggering carcinogen- 
esis through the formation of DNA ad- 
ducts {253}. 


Occupational exposure. Several epi- 
demiological studies have reported that 
exposure to aromatic amines among 
truck, taxi, and bus drivers (e.g. in die- 
sel exhaust); painters (in paint products); 
and workers in some chemical industries 
may be associated with increased risk of 
bladder cancer, an effect synergized by 
smoking {3061}. 


Arsenic. |n parts of Bangladesh, India, 
China, and Hungary, the presence of ar- 
senic in the drinking-water and soil is an 
environmental risk factor. Concentrations 
of arsenic exceeding 300 ug/L have been 
shown to be strongly associated with 
bladder cancer {2013}. Among smokers, 
lower concentrations of arsenic also con- 
ferred an increased bladder cancer risk, 
indicating a synergistic carcinogenic ef- 
fect {1557}. 


Phenacetin. Long-term use of phenace- 
tin is strongly associated with upper uri- 
nary tract urothelial carcinoma, but the 
incidence of these carcinomas is subsid- 
ing, as phenacetin is replaced by other 
analgesics {1834}. Particularly in Asia, 
the intake of aristolochic acid as a con- 
taminant of traditional medicines based 
on herbs is prevalent. This agent causes 
progressive renal interstitial fibrosis and 
is associated with a high risk of urothelial 
cancer {668}. 


Radiotherapy. The mutagenic effects of 
pelvic radiation, including external beam 
radiotherapy for prostate and uterine 
cervix Carcinoma and brachytherapy for 
prostate cancer, are associated with an 
increased risk of both urothelial carcino- 
ma and pure SCC {6}. 


Schistosoma infection. Persistent, chron- 
ic inflammation of the urinary tract is 
known to cause bladder cancer, includ- 
ing urothelial carcinoma, Squamous cell 
carcinoma, and adenocarcinoma. Schis- 
tosoma haematobium infection is the 
archetype for this category of bladder 
carcinogenesis. The presence of S. hae- 
matobium eggs in the lamina propria and 
detrusor muscle (muscularis propria) 
elicits severe chronic inflammation and 
fibrosis, Causing urothelial hyperplasia 
and squamous metaplasia {2548} and 
resulting in an increased prevalence of 
squamous, urothelial, and adenocarci- 
noma of the bladder {779}. Over the past 
few decades, there have been significant 
changes in the prevalence of the histo- 
logical types of bladder cancer in Egypt; 
in the 1980s, most bladder cancers were 
SCCs, whereas after 2000, urothelial car- 
cinomas were the most common. This 
change is associated with a decrease in 
exposure to schistosomiasis (as a con- 
sequence of changes in water manage- 
ment) and an increased incidence of 
smoking {847,2393}. 
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Fig. 2.03 Urothelial carcinoma. A Papillary urothelial carcinoma on routine enhanced CT urogram shows a papillary 
mass projecting into the bladder lumen, arising near the left ureterovesical junction. B The same CT study as in panel 
Ashows higher visibility of the lesion when the bladder is distended with contrast-opacified urine during the excretory 
phase. C On MRI ofa non-muscle-invasive papillary urothelial carcinoma, the tumour shows intermediate to high 
sianal intensity on axial T2-weighted sequence. D On the same MRI study as in panel C, the tumour is enhanced after 
intravenous administration of gadolinium-based contrast agent on axial T1-weighted sequence. Reprinted from Purysko 


et al. {2252A}. 


Congenital bladder exstrophy causes 
histological changes in the mucosa, in- 
cluding chronic inflammation, subepithe- 
lial fibrosis, squamous metaplasia, cysti- 
tis cystica, and cystitis glandularis; and 
intestinal metaplasia often develops after 
secondary closure {2371}. Patients with 
bladder exstrophy have an increased 
risk of adenocarcinoma, squamous cell 
carcinoma, and urothelial carcinoma 
eccurring in the bladder remnant, even 
when the disorder is treated with early 
reconstructive diversion surgery {2547}. 


Localization 

More than 90% of urothelial carcino- 
mas arise in |he urinary bladder, with 
5-10% developing in the upper urinary 
tract {10422367}. They can occur in 


ae Invasive urothelial carcinoma. A Papillary and invasive urothelial carcinoma. B Invasive urothelial carcino 
elial carcinoma has a polypoid appearance, bulging into the bladder lumen. A and B reprinted from Eble et al. 


the urethra but are relatively rare at this 
site compared with the rest of the uri- 
nary tract. The distribution may reflect 
differences in the mucosal surface area 
between the sites as well as carcinogen 
exposure and genetic factors. 


Clinical features 


Signs and symptoms 

Most patients with invasive urothelial car- 
cinoma have at least microscopic hae- 
maturia {647}, but the severity of symp- 
toms depends on tumour site and stage. 
The most common clinical symptom is 
painless gross haematuria, followed by 
urgency, nocturia, and dysuria. Presen- 
tation with dysuria is more common in 
women, who are more likely to have a 


Fig. 2.04 Urothelial carcinoma. A CT of a muscle- 


invasive urothelial carcinoma shows a discrete plaque-like 
wall thickening along the left lateral and posterior aspects 
of the bladder wall (long arrow), causing ureteral dilation 
(shortarrow). B On MRI of a muscle-invasive urothelial 
carcinoma, a coronal T2-weighted image demonstrates 
muscle-invasive tumour (asterisk) in the left lateral wall, 
with extension into the perivesical fat (arrows); notice 
the interruption of the normal bladder wall at the site of 
maximal invasion (arrowhead). Reprinted from Purysko 
et al. {2252A}. 


delay in definitive diagnosis, after initial 
treatment for a presumed urinary tract 
infection {1168}. Patients with diffuse tu- 
mours, tumours at the bladder neck, and/ 
or extensive urothelial carcinoma in situ 
(CIS) more commonly present with irri- 
tative urinary symptoms. Late presenta- 
tion with a large tumour mass may cause 
urinary obstructive symptoms, a palpa- 
ble suprapubic mass, or lower extrem- 
ity oedema, whereas metastatic disease 
may present with weight loss and/or lo- 
calized bone pain. Common sites of me- 
tastasis include the liver, lung, and bone 
{2676,2898}. In upper tract disease, a 
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renal pelvic location has been associ- 
ated with a higher risk of distant metasta- 
sis, particularly to the lung {2676}. 
Urethral tumours and upper tract urothe- 
lial Carcinomas may be synchronous or 
metachronous with bladder tumours. A 
similar presentation with microscopic or 
gross haematuria is common. Urothelial 
carcinomas that cause obstruction of the 
ureter may present with hydronephro- 
sis and resultant flank pain, but slowly 
evolving obstruction may go unnoticed 
Clinically. Acute obstruction as a result 
of concomitant ureteral haemorrhage is 
rare, but is more likely to be associated 
with sudden-onset flank pain similar to 
the pain caused by urolithiasis {2376}. 


Imaging 

Cystoscopy, bimanual examination un- 
der anaesthesia, and biopsy/transure- 
thral resection are the best techniques 
for the diagnosis and staging of urinary 
bladder carcinoma. Transabdominal so- 
nography has poor sensitivity, and intra- 
vesical sonography provides no added 
value to cystoscopy {696]. Cross-sec- 
tional imaging modalities (CT and MRI) 
have reported sensitivities of 79-89% to 
detect a bladder tumour, not enough to 
replace cystoscopy and biopsy {2868}. 
The presence of wall thickening on CT 
does not always indicate muscle inva- 
sion, and there is low sensitivity for the 
detection of subepithelial tissue invasion. 
Newer MRI techniques may have a sig- 
nificant role in staging, particularly in pa- 
tients with tumours in difficult locations or 
to distinguish between confined tumours 
and extravesical fat invasion {582,2861}. 
Several imaging techniques are avail- 
able to detect other tumoural foci in the 
upper urinary tract, such as intravenous 
pyelography, renal ultrasound with retro- 
grade pyelography, CT urography, uret- 
eroscopy, and MRI urography {278,581}. 
Radiographical identification of lymph 
node metastasis is important for clinical 
staging and treatment. Although node 
size is not a reliable indicator of metas- 
tasis, it seems that lymph nodes with in- 
creased transverse dimensions are more 
likely to be metastatic than are those 
with longitudinally increased size {1306}. 
Classic CT and MRI have similar sensi- 
tivities for lymph node metastasis detec- 
tion; however, the sensitivity and speci- 
ficity of these techniques remain limited 
{420,582,2369,2479,2665}. PET imaging 
has been reported to be superior to both 
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CT and MRI {1616}. Nevertheless, lymph 
node enlargement is highly predictive of 
metastatic disease. CT-guided needle 
biopsy of lymph nodes is useful to con- 
firm metastasis. 

Chest radiography, abdominal imaging, 
skeletal scintigraphy, and brain CT or 
MRI are the most widely used techniques 
for detection of distant metastasis in 
high-risk or symptomatic patients. There 
are data indicating that PET/CT imaging 
can improve Clinical staging {322}. 


Tumour spread and staging 
Urinary bladder tumours 


The T component 

Cystoscopy is the initial step for bladder 
tumour staging. If a tumour is identified, 
the patient then undergoes biopsy or 
transurethral resection of bladder tumour 
to confirm the histological diagnosis and 
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determine the extent of disease within 
the bladder {167,334,534, 1366}. Patho- 
logical staging requires histological ex- 
amination of the cystectomy or partial 
cystectomy specimen; however, the 
transurethral resection of bladder tumour 
is critical for defining the extent of dis- 
ease before definitive surgery. Adequate 
transurethral resection of bladder tumour 
includes resection of all visible tumours 
and sampling of the underlying muscu- 
laris propria (detrusor muscle) to assess 
whether muscle invasion has occurred 
{2272). Tumours that appear to be su- 
perficial are sometimes treated by fulgu- 
ration alone. Microscopic examination of 
the entire transurethral resection speci- 
men may be necessary to categorize the 
tumour as Ta, Tis, T1, or T2 disease. Ac- 
cumulating data suggest that substaging 
T1 disease is Clinically relevant, but the 
specific details on how to do so are yetto 
be agreed upon (1242,1809,2119,2579}. 


Fig. 2.06 Urothelial carcinoma. infiltrating urothelial carcinoma with oe deemoplect (A), peeudosarcomalons 
stroma (B), abundant myxoid stroma (C), and a prominent polymorphous ee infiltrate (D). 


Fig. 2.07 A Urothelial carcinoma. In a aril percentage of Í invasive "arate carcinomas, there are prominent 
markedly pleomorphic tumour cells scattered throughout. B Invasive high-grade urothelial carcinoma with squamous 


differentiation. 
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Fig. 2.08 Urothelial carcinoma. E 


It is important to distinguish tumour inva- 
sion of the smaller, discontinuous, slen- 
der smooth muscle fibres of the muscu- 
laris mucosae (T1) from invasion of the 
larger, compact bundles of the muscu- 
laris propria (T2) {2133,2326}. Adipose 
tissue is present throughout the entire 
bladder wall; therefore, tumour infiltration 
of adipose tissue is not a reliable criterion 
to assess the depth of invasion. 
Additional random biopsy of the bladder 
is often performed to evaluate mucosal 
involvement by CIS. Urine cytology also 
plays a role; positive cytology indicates 
the presence of a urothelial tumour 
somewhere in the urinary tract {2698}. A 
finding of positive cytology and normal 
cystoscopy may indicate upper tract or 
urethral disease. 

Re-resection 2-6 weeks after the initial 
resection is recommended after incom- 
plete transurethral resection, when no 
muscularis propria is present in the initial 
resection of high-grade Ta tumours, and 
in all T1 tumours {167,714,2272,2482}. 
Bimanual palpation under anaesthesia 
to diagnose locally advanced disease is 
commonly performed. 

At cystectomy, histological distinction 
between muscularis propria invasion 
(pT2b) and microscopic perivesical fat 
invasion (pT3a) can be difficult, because 
the boundary between the outer muscu- 
laris propria and perivesical fat is not well 
defined {94}. 


The N component 

Pelvic lymph node dissection is an inte- 
gral part of radical cystectomy for blad- 
der cancer {2665}. A more extensive 
pelvic lymph node dissection, which 
may include the common iliac or even 
lower para-aortic or paracaval lymph 
nodes, yields a higher number of total 


and positive lymph nodes and is associ- 
ated with survival benefit and less pel- 
vic recurrence, even in the absence of 
positive lymph nodes (1182,2985}. The 
yield of lymph nodes is improved when 
nodal dissection specimens are submit- 
ted in separate packets {1182}. All lymph 
nodes should be examined microscopi- 
cally, because pN stage and prognosis 
are determined by both the number and 
the location of positive lymph nodes. 


The M component 

In patients with T1 or higher disease, 
M staging is recommended before 
cystectomy. 


Upper urinary tract tumours 


The T component 

T staging of tumours of the upper urinary 
tract is performed after radical surgery 
in most of cases, or after endoscopic tu- 
mour resection {534}. Imaging (CT and 
MRI) may be of value {278,582}. To iden- 
tify simultaneous bladder tumours, cys- 
toscopy is mandatory. 


The N component 

N staging is performed by imaging tech- 
niques (CT and MRI) and by lymph node 
dissection and histological examina- 
tion {958,1917}. The number of positive 
lymph nodes and size of metastasis are 
both important for determining pN stage. 


The M component 

Due to the similarities between upper uri- 
nary tract tumours and bladder tumours, 
M staging of upper urinary tract tumours 
follows the same rules as M staging for 
bladder tumours {1787}. 


Prostatic and urethral urothelial 
tumours 


The T component 

T staging of urethral tumours of the pros- 
tatic ducts or urethra is performed after 
biopsy or radical surgery. It is important 
to distinguish subepithelial connective in- 
vasion (p11) from periurethral muscle or 
prostatic stromal invasion (pT2). Imaging 
(CT and MRI) may be helpful {939}. Be- 
cause of the possibility of simultaneous 
bladder tumours, cystoscopy of these 
patients is mandatory. 


The N component 

N staging is performed by imaging or by 
lymph node dissection and histological 
examination. Specifically for meatal and 
distal urethral tumours, the inguinal re- 
gion must be considered. The number of 
positive lymph nodes and size of metas- 
tasis are both important for determining 
pN stage, 


The M component 

In general, M staging for urethral tumours 
of the prostate or urethra follows the 
same rules as for bladder tumours. 


Macroscopy 

Invasive urothelial carcinomas can be 
unifocal or multifocal. Most are polypoid, 
sessile, or ulceroinfiltrative. Papillary ar- 
chitecture is sometimes present. Associ- 
ated CIS is indicated by erythematous 
areas. 


Histopathology 

infiltrating urothelial carcinoma is re- 
markable for its diversity of morphologi- 
cal manifestations. Some of these pat- 
terns are so distinctive that they have 
been recognized as specific variants of 
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urothelial carcinoma {77,1706}. In gen- 
eral, a tumour is classified as a specific 
variant because its pattern is deceptively 
benign, it resembles other tumours, or it 
has important prognostic or therapeutic 
implications. Clinical data regarding indi- 
vidual variants are included in the follow- 
ing sections. There is clinical interest in 
variant histology as a predictor of more 
aggressive tumour behaviour, often due 
to an association with higher-stage dis- 
ease {1442,3001}. Some variants have 
been identified as particularly at risk of 
understaging {1114}, and treatment al- 
gorithms can include variant histology as 
an important parameter (2487}. It is also 
clear that many variants are underrecog- 
nized and underdiagnosed {2491}. 
Infiltrating urothelial carcinoma can pre- 
sent with a wide range of architectural 
patterns, including variably’ sized nests 
with smooth borders, sheets, trabeculae, 
cords, and single cells. There is often a 
mixture of patterns. In larger nests, the 
tumour cells may show stratified archi- 
tecture, with the nuclei lined up perpen- 
dicular to the basement membrane and 
with some maturation towards the centre 
recapitulating the structure of urothelium. 
However, in most tumours, there is no 
specific feature that resembles normal 
urothelium. There are data indicating 
that the pattern of invasion has prognos- 
tic significance, with the more infiltrative 
cords and single cell patterns having a 
worse outcome (692,1322}. 

The overwhelming majority of invasive 
urothelial carcinomas are high-grade. 
However, significant outcome differenc- 
es have been found between low- and 
high-grade invasive tumours, and tumour 
grade should continue to be reported 
for invasive carcinoma, particularly in 
tumours that have invaded the lamina 
propria {2038}. Characteristically, there 
is striking nuclear pleomorphism with 
variably sized and shaped hyperchro- 
matic nuclei. Nuclear contours are ir- 
regular and the nuclei often have sharp 
corners. Mitoses are numerous and ab- 
normal mitotic figures are present. The 
cytoplasm is usually pale to eosinophilic 
and moderate to abundant. This can re- 
sult in a distinctly squamoid appearance, 
which should be distinguished from true 
squamous differentiation {936}. Less 
commonly, the cytoplasm is scant or 
basophilic. Cytoplasmic mucin is not vis- 
ible on routine stains but is detectable in 
as many as 60% of high-grade tumours 
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when mucin stains are applied (722}. The 
presence of scattered mucin-containing 
cells or cytoplasmic mucin detected on 
histochemical stains is not considered 
to indicate glandular differentiation. Gly- 
cogen can also accumulate in the cyto- 
plasm, resulting in a clear cell appear- 
ance {1502}. 

Invasive urothelial carcinoma elicits a 
stromal response in almost all cases. 
Desmoplasia can be pronounced in dif- 
fusely infiltrating cases, but this is rela- 
tively uncommon for urothelial carcinoma. 
A cellular myofibroblastic proliferation 
should be distinguished from a true sar- 
comatoid carcinoma {3041}. The reactive 
stroma may also be myxoid, and can be 
prominent in a minority of cases; this pat- 
tern must be distinguished from a myxoid 
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sarcomatoid component {2684}. Retrac- 
tion artefact can be present and is most 
commonly seen in early invasion of the 
subepithelial connective tissue {2398}. 
This should not be overdiagnosed as 
lymphovascular invasion {1114, 1588). 
Limited studies have not demonstrated 
a prognostic significance of the type of 
stromal response {2398}. Some invasive 
carcinomas elicit a lymphoplasmacytic 
inflammatory response, which can be ex- 
tensive. There are limited data suggest- 
ing that the presence of an inflammatory 
response indicates a more favourable 
prognosis {378}. Uncommonly, benign 
osseous metaplasia is present {2020}. 


/mmunophenotyoe 
Immunohistochemistry is an important 


inoma with glandular differentiation. The glandular areas resemble enteric adenocarcinoma 
(A); in the areas of glandular differentiation there is expression of CDX2 (B) and GATA3 (C), and both components express 
high-molecular weight cytokeratin (348E12, cytoplasmic) and p63 (4A4, nuclear) (D). 


adjunct to the diagnosis of infiltrating 
urothelial carcinoma. In most cases when 
there is a specific differential diagnosis 
(e.g. poorly differentiated prostatic ad- 
enocarcinoma vs high-grade urothelial 
carcinoma), the immunoprofile can re- 
liably resolve the problem. However, in 
other situations it may not prove diagnos- 
tic (e.g. in differentiating urothelial carci- 
noma with squamous differentiation from 
SCC). An additional caveat regarding 
reported results of immunohistochemical 
studies is that there is often a significant 
difference in expression (e.g. of CK20 
and thrombomodulin) between high- and 
low-grade tumours, which can lead to in- 
terpretive errors. The following sections 
on variants of urothelial carcinoma in- 
clude specific data on the immunoprofile 
of these tumours. 

The International Society of Urological 
Pathology (ISUP) recently released a 
review of the commonly applied mark- 
ers {92}. Uroplakin III has generally been 
considered the most specific marker of 
urothelial differentiation but has relatively 
low sensitivity (19-60%) {437 ,1403, 1882, 
2149,2553}. More recently, uroplakin II 
has been demonstrated to be equally 
specific but with a higher sensitivity 
(63-77%) {1204,2553,2714}. GATAS is 
another commonly used marker, ex- 
pressed in 67-90% of urothelial carci- 
nomas {437,1074,1892,2714,3078}. As 
a regulatory T-cell molecule, GATAS is 
also expressed in many other carcino- 
mas, particularly breast carcinoma. Al- 
though nuclear GATAS3 expression de- 
creases with dedifferentiation, it is helpful 
in selected differential diagnoses {1892}. 
Urothelial carcinoma expresses CK7 (in 
as many as 100% of cases) and CK20 (in 
as many as 67% of cases) and is one of 


a limited group of tumours that commonly 
have combined coexpression of CK7 and 
CK20 (in 50-62% of cases) {196,1538, 
1843,2543}. As many as 14% of high- 
grade urothelial carcinomas express nei- 
ther CK7 nor CK20 {196,1843}. High-mo- 
lecular weight cytokeratins (348E12 and 
CK5/6) are also helpful, because they are 
expressed in a high proportion of high- 
grade urothelial carcinomas {524,960, 
1538,2149}. The protein p63 is another 
marker that is often used in specific dif- 
ferential diagnoses, and is expressed 
in a high proportion (81-92%) of cases 
{374,1538}. Finally, S100P is also emerg- 
ing as a useful marker of urothelial carci- 
noma {1200,3078}. 


Urothelial carcinoma with divergent 
differentiation 

Urothelial carcinoma has long been 
known to have a remarkable propensity 
for divergent differentiation {1037}, in- 
cluding differentiation along squamous, 
glandular, small cell, and even tropho- 
blastic or endodermal sinus lines. Small 
cell (neuroendocrine) differentiation is 
discussed in detail in the section on small 
cell neuroendocrine carcinoma (p. 117) 
and is not covered here. 


Squamous differentiation, defined by the 
presence of intercellular bridges and/or 
keratinization, is the most common type 
of divergent differentiation, occurring in 
as many as 40% of invasive urothelial car- 
cinomas {1442,1718,2928}. Squamous 
differentiation has not been found to be 
related to HPV infection {47}, although 
HPV 16 genetic material has been detect- 
ed in the basal cell type of urothelial car- 
cinoma {391}. In the setting of neurogenic 
bladder, chronic catheterization, or prior 


gynaecological exposure, rare examples 
of HPV-related carcinoma with basaloid 
features, have been reported HPV infec- 
tion {286,2455A}. Squamous differentia- 
tion in biopsy or transurethral resections 
has been shown to be associated with a 
higher likelihood of locally advanced dis- 
ease {1442,2928]; however, this has not 
been associated with worse cancer-spe- 
cific survival at cystectomy {1442}. There 
have been limited reports that squamous 
differentiation predicts a reduced respon- 
siveness to radiation and chemotherapy 
{31,1687,1805}. Recent gene sequenc- 
ing studies have identified so-called bas- 
al/squamous-like, luminal, and p53-like 
carcinomas as three subtypes of invasive 
urothelial carcinoma. The basal subtype 
has been linked to poor responsiveness 
to chemotherapy and decreased cancer- 
specific survival {509,631}. This bas- 
al cell subtype is described as having 
squamous or Squamoid morphology, and 
the tumours express CK5 but not CK20 
{391,509,631 ,2535}. 


Glandular differentiation is defined by the 
presence of gland formation within the 
tumour. It has been reported in as many 
as 18% of invasive urothelial carcinomas 
{1442,2928}. Glandular differentiation 
most commonly has an enteric appear- 
ance, with glands resembling those of 
usual colonic adenocarcinoma. Muci- 
nous adenocarcinoma with and with- 
out signet ring cell features can also be 
seen. Glandular differentiation must be 
distinguished from the pseudoglandular 
spaces that can occur in usual urothe- 
lial carcinoma. Immunohistochemistry 
shows the acquisition of an enteric ex- 
pression pattern (CDX2 and CK20 posi- 
tivity) in areas of glandular differentiation. 
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Fig, 2 2. 12 Nested variant of urothelial carcinoma. Tumour invading the lamina propria (A) and the muscularis propria (B); the bland cytology of the tumour cells is s highlighted i in the 
insets. A large nested tumour invading the muscularis propria (C), the cells show bland cytology (D). 


In some cases, urothelial markers (p63, 
GATA3, and high-molecular weight cy- 
tokeratins) are also expressed, but these 
can also be completely lost. The prog- 
nostic significance of glandular differen- 
tiation remains uncertain. Limited studies 
have shown that these tumours tend to 
present at a more advanced stage but 
are not a negative prognostic indicator 
in stage-matched patients {1442,2928}. 
One study reported decreased respon- 
siveness to chemotherapy {1687}. 


Trophoblastic differentiation identified 
on routine stained sections is rare. It is 
recognized by individual tumour giant 
cells resembling syncytiotrophoblastic 
giant cells and (rarely) tumours that are 
indistinguishable from choriocarcinoma 
{1039,2291}. The B-subunit of human 
chorionic gonadotropin (BhCG) can be 
detected by immunohistochemistry in as 
many as 35% of cases that do not show 
morphological evidence of trophoblastic 
differentiation (1039,1806}. Expression 
of BhCG correlates with higher grade 
and higher stage {712,1039, 1236}. 

contrast, the production of BhCG is 
not uncommon in invasive high-grade 


88 Tumours of the urinary tract 


urothelial carcinoma. Elevated serum lev- 
els of BhCG have been reported in 20- 
76% of patients with metastatic urothelial 
carcinoma {698,727,1277}. Studies have 
also shown that for patients with elevated 
serum levels of BhCG, responsiveness to 
chemotherapy correlates with declining 
levels of the marker {698,727}. 

Rarely, urothelial carcinoma demon- 
strates Muillerian differentiation. This most 
commonly manifests as clear cell adeno- 
carcinoma {2070}. HNF expression can 
be present in such tumours. Tumours of 


High- power photomicrographs show the tumour invading 
the lamina propria and muscularis propria (haematoxylin- 
eosin-saffron). 


true Mullerian origin are discussed in a 
subsequent section. 


Nested urothelial carcinoma 

Nested (including large nested) urothe- 
lial Carcinoma is a cytologically bland 
variant of invasive urothelial carcinoma 
(230,733, 1222, 1666,1984,2877,2927}, 
with similar patient demographics. It is 
most common in the bladder, with only 
a few cases in the renal pelvis or ureter. 
The typical pattern is a disorderly prolif- 
eration of discrete to confluent crowded 
small nests beneath the urothelium. Vari- 
ations include the presence of tubules, 
microcystic features, and large nests. At 
the base of the lesion, there is an irregu- 
lar infiltrative tumour—stroma_ interface. 
Nuclei generally show little or no atypia, 
with some cytological atypia seen, par- 
ticularly at the lesion’s base. Occasional 
mitotic figures are common. The stroma 
is typically myxoid, focally desmoplastic, 
or lacking a response. Nested carcino- 
ma can be admixed with usual urothe- 
lial carcinoma, but is often pure. The 
two most common differential diagno- 
ses are nephrogenic adenoma and von 
Brunn nests. Nephrogenic adenoma has 


tubules lined by a single layer of cuboi- 
dal, columnar, or hobnail cells, in con- 
trast to nests. The confluence of multiple 
small nests and the infiltrative base of the 
lesion helps rule out a florid proliferation 
of von Brunn nests. The finding of bland 
nests within the muscularis propria is di- 
agnostic of carcinoma, and is not seen 
with von Brunn nests {2877}. In the ureter 
and renal pelvis, von Brunn nests resem- 
ble nested carcinoma {2877} so closely 
that a diagnosis of pure nested cancer 
should typically not be made at this site on 
biopsy. Large nested carcinoma is distin- 
guished from an inverted growth pattern 
of non-invasive urothelial carcinoma by 
muscularis propria invasion, irregularly 
infiltrating nests, or a stromal reaction 
{583}. Immunohistochemistry is of limited 
help; the expression profile is similar to 
that of usual urothelial carcinoma, includ- 
ing expression of GATA3, 34BE12, p63, 
CK7, and CK20 {2127}. In particularly 
difficult cases, TERT promoter mutation 
detection can be helpful {3083}. Markers 
such as Ki-67 and p53 cannot reliably be 
used to establish this diagnosis. Stage for 
stage, nested urothelial carcinomas have 
the same prognosis as usual urothelial 
carcinomas, but have a worse progno- 
sis overall because they tend to present 
with higher-stage disease {230,1666}. 


Maicrocystic urothelial carcinoma 
Microcystic urothelial carcinoma is one 
of the deceptively benign-looking forms 
of urothelial carcinoma, and often pre- 
sents at high stage. The pattern is char- 
acterized by predominantly round to oval 
microcysts (1-2 mm in size), lined by a 
bland or denuded-looking epithelium. 
Intraluminal secretions and calcifications 
can exist. A stromal response is mostly 
lacking. Cysts tend to be infiltrating and 
can invade the detrusor muscle. Distinc- 
tion from urothelial carcinoma with tubular 
or glandular differentiation can be chal- 
lenging. Microcystic carcinoma express- 
es GATAS, S100P, CK7, CK20, p63, and 
high—molecular weight cytokeratins, and 
to a lower extent uroplakin III and throm- 
bomodulin {2127}. Misinterpretation as 
benign changes, such as cystitis cystica 
or cystitis glandularis, must be avoided 
{2855}. 


Micropapillary urothelial carcinoma 

Micropapillary urothelial carcinoma is 
a well-recognized variant, constituting 
0.6-2.2% of all urothelial carcinomas {87, 
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with several nests in many of the individual spaces; note the small size of the nests (haematoxylin-eosin-saffron). 


B A photomicrograph shows the so-called ring forms that are characteristic of the micropapillary variant. Another 
example of the micropapillary variant of urothelial carcinoma, forming a solid mass of tumour (C); the tumour shows 


strong expression of MUC1 on the surface of the small nests (D). 


1365}. There is a male predominance, 
with a male-to-female ratio of 3:1, and the 
peak incidence is in the sixth decade of 
life. Micropapillary carcinoma displays 
small nests and aggregates, often sur- 
rounded by lacunae, resembling vascu- 
lar invasion. Multiple small nests, with- 
out vascular cores, in the same lacunar 
space, are characteristic {87}. Micropap- 
illary Carcinoma has peripherally orient- 
ed nuclei with atypia and is considered 
to be high-grade. Cytoplasmic vacuoles 
with distortion of the nuclear contour (so- 
called ring forms) are also characteristic. 
Lymphovascular invasion is common, 
and CIS is present in more than 50% of 
cases {559}. Micropapillary carcinoma 
commonly presents at a high pathologi- 
cal stage, which may account for its ag- 
gressive behaviour. It is unclear wheth- 
er the proportion of the micropapillary 


component influences outcome {559, 
2399}. This variant expresses GATAS (in 
88% of cases), S100P (96%), uroplakin 
ll (91%), uroplakin Ill (83%), thrombo- 
modulin (49%), CK7 (95%), CK20 (61%), 
p63 (69%), and high-molecular weight 
cytokeratins (96%) {1641,2127]. MUC1 
and cancer antigen 125 (CA-125) over- 
expression, although non-specific, have 
also been reported {1641,2412}. Over- 
expression or amplification of ERBB2 
(also called HER2) is more common in 
this variant than in conventional urothe- 
lial carcinoma {505A}. Micropapillary 
carcinoma is commonly admixed with 
usual urothelial carcinoma or other vari- 
ant histologies. No specific threshold to 
classify a case as micropapillary carci- 
noma has been defined, but it is likely 
that any amount, even < 10%, is signifi- 
cant and should be reported {559,2399}. 


Fig, 2: 15 Lymphoepithelioma- rig varani of urothelial carcinoma. A At higher magnification, the syncytial arrangement 
of the tumour cells is more apparent. B Immunohistochemistry for CK7 highlights the nests of tumour cells. 
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The diagnostic criteria must be further 
refined, because a recent consensus 
opinion study showed only moderate in- 
terobserver reproducibility. The most re- 
producible criteria with the highest con- 
sensus were multiple nests in the same 
lacunar spaces {2410}. Patients with T1 
disease have a better outcome if treated 
by early radical cystectomy {2966}. This 
variant is associated with increased risk 
_of mortality (1931], and the pathological 
stage is a significant predictor of dis- 
ease-specific survival {559}. 

Micropapillary-like architecture may be 
seen in non-invasive papillary urothelial 
carcinoma. It is characterized by slender, 
delicate, filiform processes, rarely with 
fibrovascular cores. If these processes 
are only present in the non-invasive com- 
ponent, the tumour should not be classi- 
fied as micropapillary carcinoma {1653}. 


Lymphoepithelioma-like urothelial 
carcinoma 

Lymphoepithelioma-like urothelial car- 
cinoma morphologically resembles lym- 
phoepithelioma of the nasopharynx. It is 
more common in men and occurs in late 
adulthood, with a mean patient age of 
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69 years (range: 44-90 years). Haema- 
turia is the most common sign, and most 
patients present with stage T2-3 disease 
{88, 1219,1712,2491,2670}. 
Lymphoepithelioma-like carcinoma may 
be pure, predominant, or focally ad- 
mixed with usual urothelial carcinoma or 
other variants. Histologically, the tumour 
is composed of nests, sheets, and cords 
of undifferentiated cells with large pleo- 
morphic nuclei and prominent nucleoli, 
indistinct cytoplasmic borders, and a 
syncytial appearance. The background 
consists of a prominent lymphoid infil- 
trate that includes T and B lymphocytes, 
plasma cells, histiocytes, and occasional 
neutrophils or eosinophils, with eosino- 
phils being prominent in rare cases. In 
some cases, a non-invasive component 
of urothelial carcinoma can be seen. The 
epithelial cells of this tumour are immu- 
noreactive with several cytokeratin mark- 
ers and express p63 and GATAS. This 
tumour can be mistaken for a lymphopro- 
liferative process or severe chronic cysti- 
tis, but careful examination and cytokera- 
tin staining helps to establish the correct 
diagnosis {88,1219,1712,2491 2670}. 


Fig. 2.16 Plasmacytoid variant of urothelial carcinoma. 
At low magnification, the tumour cells are small and 
discohesive, scattered throughout the oedematous 
lamina propria. 


Lymphoepithelioma-like carcinoma has 
also been described in the ureter, the 
renal pelvis, and the urethra {59,2670}. 
Unlike in the head and neck location, no 
association has been reported between 
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Fig. 247 “eerie variant of urothelial carcinoma. A At high Tae ice an the individual ree have bland cytology and EEA and Oeean located nuclei. 
B Notice the presence of cells with both plasmacytoid and signet ring cell features, without extravasated mucin. C E-cadherin expression has been lost in the tumour cells but is 
retained in the shi urothelium. 
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Fig. 2. 18 A Giant cell variant of urotheial carcinoma. This tumour is composed almost entirely of pleomorphic tumour giant cells. B mi “rich urothelial carchoma, The cells of this 
tumour contain variably sized vacuoles representing the lipid content; in some, the droplets distort the nuclear shape. | 
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lymphoepithelioma-like carcinoma of 
the bladder and EBV {925,1073,1296, 
1712}. It has been suggested that pure 
or predominant lymphoepithelioma-like 
carcinoma has a relatively favourable 
prognosis and can respond to chemo- 
therapy and bladder preservation treat- 
ments; but when the lymphoepithelioma- 
like Carcinoma component is only focal, 
these tumours behave similarly to con- 
ventional urothelial carcinoma {1222}. 
However, this concept has recently been 
challenged by the results of a series of 30 
cases of lymphoepithelioma-like carci- 
noma in the urinary tract, which reported 
similar outcomes to conventional urothe- 
lial carcinoma {2670}. 


Plasmacytoid urothelial carcinoma 

The rare plasmacytoid variant of urothe- 
lial carcinoma is composed of cells that 
resemble plasma cells and/or monocytes 
{2387,3104}. Its epidemiology is simi- 
lar to that of usual urothelial carcinoma. 
Haematuria is the main presenting sign. 
At cystoscopy, the bladder mucosa is 
often oedematous and a surface lesion 
is not always present. These tumours 
are characterized by the presence of 
single discohesive malignant cells in a 
loose or myxoid stroma. The tumour cells 
have clear or eosinophilic cytoplasm and 
central or eccentrically placed enlarged, 
hyperchromatic nuclei with small nucle- 
oli. Cytological atypia can be minimal. 
In some cases, a non-invasive compo- 
nent (CIS or papillary carcinoma) can be 
seen, and foci of subepithelial condensa- 
tion of tumour cells in the lamina propria 
may be also idehtified. A component of 
high-grade urothelial carcinoma is pre- 
sent in about 50% of cases. In addition 
to the plasmacytoid morphology, a vari- 
able number of single cells with cyto- 
plasmic vacuoles, imparting an appear- 
ance of signet ring cells with or without 
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Fig. 2.19 Urothelial carcinoma with clear cell change. 
In this tumour, the cells contain abundant glycogen, 
resulting in striking cytoplasmic clearing. 
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Fig, 2.20 Urothelial carcinoma with sarcomatoid change. Examples 
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of urothelial carcinomas composed of spindle- 


shaped cells (A), with heterologous cartilage formation (B) and with heterologous bone formation (C). 


intracytoplasmic mucin, can be seen 
{1717,1761,2036,2331}. Most cases re- 
ported in the literature as signet ring cell 
carcinoma of the bladder, specifically 
those not associated with extracellular 
mucin, would now be classified as plas- 
macytoid carcinoma {1049}. Unlike mu- 
cinous adenocarcinoma with signet ring 
cells, these tumours are not associated 
with any extracellular mucin production. 
Similar tumours that arise in the gastro- 
intestinal tract, particularly the stomach, 
have been described as poorly cohesive 
or diffuse (2694 A}. 

The tumour cells stain with cytokera- 
tins (pancytokeratin, CK7, CK20, and 
34BE12), p63, GATA3, and uroplakins 
Il and Ill {1641,1645,1717,1761,2036, 
2127}, and the majority of tumours ex- 
hibit loss of membranous expression of 
E-cadherin commonly associated with 
truncating mutations of this gene {916, 
1407,1654,1761} similar to what has 
been described in lobular carcinoma of 
the breast. Immunohistochemical stains 
for lymphoid markers have consistently 
been reported as negative, but the tu- 
mours are positive for CD138 {1717, 
1761,2036,2 166}. 

Most plasmacytoid urothelial carcinomas 
present at an advanced stage, and they 
may show diffuse and deep involvement 
of the bladder ane perivesical tissue. 
There is a high risk for peritoneal spread 


and positive margins at cystectomy (650, 
1356,2307}. The, outcome is generally 
poor, with higher rates of recurrence and 
death than are associated with usual 
urothelial carcinoma {650, 1407, 1408}. 


Giant cell urothelial carcinoma 

Giant cell urothelial carcinoma is a rare, 
aggressive carcinoma that is often ac- 
companied by conventional urothelial 
carcinoma. The pleomorphic giant cell 
carcinoma component (constituting 
20-100% of the tumour) is composed of 
highly bizarre pleomorphic tumour giant 
cells similar to giant cell carcinoma of the 
lung. There is often a seamless transi- 
tion from high-grade poorly differentiated 
urothelial carcinoma to mononuclear 
undifferentiated carcinoma to giant cell 
carcinoma with atypical nuclei. Typical 
or atypical mitotic figures, muscularis 
propria invasion, and extensive necrosis 
are common. Like urothelial carcinoma, 
it occurs most commonly in older males 
{1704}. The prognosis is uniformly poor 
{2396]. These giant cells should be dis- 
tinguished from those that exhibit tropho- 
blastic differentiation or osteoclast-like 
features. 


Lyoid-rich urothelial carcinoma 

Lipid-rich urothelial carcinoma is char- 
acterized by the presence of large lipo- 
blast-like cells with one or more clear 


Infiltrating urothelial carcinoma 91 


shows no specificpattern of differentiation. 


cytoplasmic vacuoles that indent the 
nucleus (1630,1703,1855,2582}. Only 
about 37 cases have been reported in 
the literature. Electron microscopy has 
confirmed the lipid content in the vacu- 
oles {1703}. The lipid-rich morphology 
usually constitutes 10-50% of the tu- 
mour, admixed with conventional or other 
variants of urothelial carcinoma, and may 
also be observed in urine cytology (1477, 
1703,2511}. The tumour usually presents 
at a higher stage, which correlates with a 
poor outcome. A multi-institutional study 
of 27 patients showed that 60% died of 
the disease within 58 months {1703}. 


Clear cell (glycogen-rich) urothelial 
carcinoma 

Clear cell (glycogen-rich) urothelial carci- 
noma consists of cells with glycogen-rich 
cytoplasm that imparts a cellular clarity 
reminiscent of clear cell renal cell carci- 
noma {331,1502,2365,3005}. Fewer than 
25 cases have been reported in the lit- 
erature {716,1516,2180,3074}. The clear 
cells retain the typical invasive patterns 
of urothelial carcinoma and are usually 
associated with in situ or papillary com- 
ponents or conventional invasive urothe- 
lial carcinoma. The polysaccharide con- 
tent stains with periodic acid-—Schiff stain, 
which disappears after diastase diges- 
tion {1458}. The clear cells show the usu- 
al immunohistochemical profile of urothe- 
lial carcinoma, including the expression 
of GATA3, S100P, p63, thrombomodulin, 
CK7, and CK20 {2127}. The prognostic 
significance of this morphology is still un- 
clear, due to the variant’s rarity. 
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Fig. 2.21 Poorly differentiated urothelial carcinoma. This poorly differentiated carcinoma arising in the urinary bladder 
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Sarcomatoid urothelial carcinoma 

The sarcomatoid variant of urothelial 
carcinoma is defined by the presence 
of histological features that are morpho- 
logically indistinguishable from those of 
a sarcoma. Sarcomatoid carcinoma ac- 
counts for 0.6% of all bladder tumours 
{77}. The mean patient age is 66 years 
and the male-to-female ratio is 3:1. Gross 
haematuria is usual {1716,2299}. Ra- 
diation and cyclophosphamide therapy 
are two typical risk factors {1710,1975}. 
Macroscopically, sarcomatoid carcino- 
mas are large and polypoid and have 
infiltrative margins and a fleshy appear- 
ance, with haemorrhage, necrosis, and 


cavitation. | Microscopically, 
tional urothelial, squamous, glandular, 
or small cell components may be mixed 
with the sarcomatous areas, which usu- 
ally predominate {493,1276,1716}. The 
sarcomatoid component consists of 
high-grade spindle or pleomorphic cells 
{1333, 1728). Heterologous components 
include osteosarcoma, chondrosarcoma, 
rhabdomyosarcoma, leiomyosarcoma, 
liposarcoma, and angiosarcoma. Heter- 
ologous elements should be mentioned 
in the diagnosis. Limited data suggest 
that tumours with heterologous elements 
may have a worse prognosis than tu- 
mours without them {2983}. Epithelial 
cells express vimentin in 80% of cases. 
Conversely, the sarcomatoid component 
can retain at least focal expression of 
cytokeratins, most often high—molecular 
weight cytokeratins, and can also ex- 
press p63 and GATAS {1276,1708,1716}. 
The differential diagnosis includes post- 
operative spindle cell nodule, urothe- 
lial carcinoma with pseudosarcomatous 
stroma, inflammatory myofibroblastic 
tumour, and primary sarcoma {77,484, 
493}. Nodal and visceral metastases are 
often present at diagnosis. The 5-year 
cancer-specific survival after cystectomy 
is 20%, and the median overall survival is 
14 months {2906}. 


conven- 


Table 2.01 Confirmed genetic variants associated with bladder cancer risk; other candidate SNPs have also been 
identified by genome-wide association studies, but all variants confer a fairly low risk, with the highest odds ratio (1.47) 
for GSTM1P null and odds ratios of 1.1-1.2 for all other candidates; modified from Rafnar et al. {2262A}, additional 


references; {868, 1062,2263} 


rs11892031 2937.1 
rs10936599 3926.2 
1s710521 3928 
1s79876 4p16.3 
rs401681 5p15.33 
rs1495741 8p22 
rs9642880 8q24.21 
rs10094872 8q24 
rs2294008 8q24.3 
rs907611 11p15.5 
rs17674580 18q12.3 
rs7238033 18q12.3 
rs8102137 19q12 
rs62185668 20p12.2 
rs1014971 22q13.1 
l GSTM1Pnull (homozygous deletion) 1p13.3 
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Poorty differentiated fulOUTS (including 
those with osteociast-lke giant cells) 
poorly ditferentiated tumours (including 
noso with osteoclast-like giant cells) span 
specl rin that inclucles tumours with 
mixed morpholegies {such as small cell 
ndilierentiatect carcinoma); sarcoma- 
toig carcinorna; giarit cell carcinoma; and 
undifferentiated carcinoma, NOS {85}. 
A subset of these tumours, called osteo- 
clast-fich undifterentiatea carcinomas, are 
associated with a prominent osteoclast- 
ike reaction [209], which closely resem- 
bles the morphology of giant cell tumour 
of bone. It is composed of mononuclear 
;nalignant undifferentiated cells (positive 
for epithelial markers) and multinucle- 
ated osteoclast-like giant cells (positive 
for markers of monocytic/macrophage lin- 
eage) {2396}. All of the poorly differenti- 
ated carcinomas may be associated with 
urothelial carcinoma or other divergent 
forms of differentiation, including squa- 
mous and glandular differentiation, or with 
combinations of poorly differentiated pat- 
lerns. Few cases have been reported, and 
the outcome is uniformly poor. 


Genetic profile 

Genetic evidence indicates that urothe- 
ial tumours develop through at least two 
molecular pathways, by which tumours 


progress to muscle-invasive tluntowrs via 
gither high-grade papillary tumours or 
urothelial CIS lesions 11005}. Low-grade 
tumours show high recurrence rates. but 
rarely progress. There is a marked ge- 
netic difference between low-grade and 
high-grade tumours, involving multiple 
chromcsomal alterations, activating mu- 
tations in oncogenes, and deactivation 
of tumour suppressors. Bladder tumours 
have been shown to be of mono- or oli- 
goclonal origin, and probably develop 
from fields of premalignant urothelial 
cells {1213}. Consequently, multifocal 
and metachronous tumours often show 
shared ancestral mutations, but also con- 
tain novel, uniquely acquired mutations 
{2043,2830}. 


Large chromosomal alterations 

Studies using comparative genomic hy- 
bridization and SNP microarrays have 
identified multiple larger chromosomal 
alterations in invasive bladder tumours. 
Overall, chromosomal gain or LOH and 
increasing genomic instability has been 
observed with increasing tumour stage 
and grade. Furthermore, molecular al- 
terations in high-grade T1 tumours are 
very similar to alterations observed in 
muscle-invasive cancers (282,1667, 
2440}. Genomic instability is observed 
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Fig. 2.23 Urothelial carcinoma. A primary urothelial 
carcinoma with high germline microsatellite instability, 
in a 44-year-old patient; the inverted fronts of urothelial 
tumour are densely packed and slightly elongated: 
surveillance by cytology may be difficult because tumour 
cells do not present the nuclei of significantly genetically 
unstable tumour cells that can be easily recognized as 
high-grade; immunohistochemistry showed patchy CK20 
staining and negativity for MSH2 and MSH6, whereas 
there was regular nuclear expression of PMS2 and 
MLH1; the proliferative fraction was 25% with Ki-67 
staining. 


in many cancers and may drive cancer 
development and intratumour heteroge- 
neity {370}. In cases of loss or gain of 
large chromosomal areas encompass- 
ing multiple genes, it can be difficult to 
identify genes of importance for cancer 
development. The most common losses 
in infiltrative bladder tumours involve the 
tumour suppressor genes FHIT (3q14), 
CDKN2A (9q21), PTCH, DBC1, TSC1 
(9q22-34), PTEN (10q23), RB1 (13q14), 
and TP53 (17p13). The most common 
gains involve the oncogenes ERBB2 
(17q), CCND1 (11q13), MDM2 (12q13), 
and E2F3 (6q22) {1464}. 


Mutational spectrum 

Sequencing has identified recurrent mu- 
tations in genes such as TP53, FGFR3, 
PIK3CA, RB1, and HRAS {1005}. Activat- 
ing mutations in FGFR3 and deactivating 
alterations of TP53 are the most com- 
monly observed mutations, together with 
common mutations in the promoter of the 
TERT gene (present in 70-79% of cases) 
{60]. Telomerase activity is important for 
cancer initiation, and TERT encodes the 
catalytic subunit of telomerase, which 
is responsible for the elongation of telo- 
meres at the chromosome ends {1077}. 
TERT mutations are among the most 
commonly observed mutations in blad- 
der cancer, but are not associated with 
clinical outcome {60}. Next-generation 
sequencing of whole genomes and 
exomes has demonstrated large het- 
efogeneous mutation architectures of 
bladder tumours {178,391, 1084,2043}, 
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Fig. 2.24 Expression characteristics of bladder cancer, Integrated analysis of mRNA, microRNA (miRNA), and protein 
data led to the identification of distinct subsets of urothelial carcinoma. The data were Z-normalized, and the samples 
were organized horizontally by mRNA clustering. A Papillary histology, FGFR3 alterations, FGFR3 expression, and 
reduced FGFR3relaled miRNA expression are enriched in cluster I. B Expression of epithelial lineage genes and 
stem/progenitor cytokeratins is generally high in cluster Ill tumours, some of which show variant squamous histology. 
C Luminal breast and urolhelial differentiation factors ara enriched in clusters | and Il. D £RB8Zmutation and estrogen 
receptor beta {ESR2) expression are enriched in clusters | and Il. amp, amplification; EGFR, epidermal growth factor 
receptor; mut, mutation. Reprinted from The Cancer Genome Atlas (TCGA) Research Network {391}. 


The integrated genomic analysis of 131 
muscle-invasive bladder cancers from 
The Cancer Genome Atlas (TCGA) re- 
vealed 302 mutations, 204 segmental 
copy number alterations, and 22 rear- 
rangements per tumour, on average. Re- 
current driver mutations were found in 32 
genes, including genes involved in cell 
cycle regulation, chromatin regulation, 
kinase signalling pathways, and nine 
additional genes (e.g. MLL2, ERCC2, 
ELF3, KLF5, RXRA, and CDKN1A) not 
previously shown to have a recurrent mu- 
tational pattern in other tumours. Over- 
all, bladder tumours have a high muta- 
tion rate, surpassed only by that of lung 
cancer {1370}; however, most mutations 
may be passenger mutations without any 
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functional consequence. Large private 
chromosomal rearrangements and gene 
fusions have been identified (391,425, 
2043}. One example of a recurrent fu- 
sion gene is FGFR3-TACC3, which con- 
stitutively activates FGFR3 {1084,2958}. 
The extensive ongoing efforts to identify 
recurrent driver mutations and potential 
actionable targets in bladder cancer will 
likely lead to the identification of novel 
therapeutic targets. 


Pathway alterations 

Several drugs exist or are under develop- 
ment that target components of the most 
prominent pathways in bladder cancer 
{951}, including the PI3K/AKT/mTOR 
pathway {449,835,1018,2454}; FGFR3/ 


RAF/RAS pathways such as epidermal 
growth factor receptor (EGFR), FGFR3 
and ERBB2, and estrogen receptor 
pathways; immune response checkpoint 
modulators {1280,2237}: and chromatin 
regulation and remodelling targets (846, 
870,1142}. Some of the most important 
pathways are described below and illus- 
trated in Fig. 2.22 (p. 93). 


FGFR3/RAF/RAS signalling 

This pathway is activated in bladder tu- 
mours of all stages but predominantly in 
low-grade, non—muscle-invasive tumours 
with activating mutations in FGFR3 (in as 
many as 77% of these tumours) {1180}. 
One combined study of HRAS/KRAS/N- 
RAS found 11% of tumours to be mu- 
tated {1482}. Mutations in FGFR3 and 
HRAS have been found to be mutually 
exclusive {1313}. The FGFR3/RAF/RAS 
pathway regulates several genes that are 
important for the cell cycle through MAP 
kinases. Mutations in FGFR3 have been 
associated with higher risk of recurrence 
in Ta low-grade tumours {1180} and fa- 
vourable disease characteristics in stage 
T1 tumours {2825}. 


PISK/AK T/mTOR 

This pathway controls important pro- 
cesses in carcinogenesis, such as cell 
growth, proliferation, and survival {1740}. 
The pathway is regulated by receptor 
tyrosine kinases including FGFR3. Multi- 
ple studies have documented alterations 
affecting the pathway components PIK- 
3CA, PTEN, AKT, TSC1, and mTOR. One 
recent study showed mutually exclusive 
alterations in 38% of muscle-invasive tu- 
mours {391}. Activating point mutations 
and amplifications are often present in 
PIK3CA (in 17-35% of cases) {740,1370, 
2226}. PIK3CA alterations have been 
linked to favourable outcome in patients 
\reated with radical cystectomy (1440). 
PTEN is a tumour suppressor that neg- 
atively regulates the PI3K/AKT/mTOR 
pathway. PTEN is found to be inactivated 
(typically by deletions) in 12-50% of tu- 
mours, highly dependent on stage and 
grade {383,2226}. Mutations in AKT and 
TSC 1 are observed more rarely. 


Notch 

This pathway is important for cell-cell 
communication and regulates multiple 
cellular processes, such as proliferation, 
differentiation, and apoptosis. This path- 
way is altered in many cancers {2049} 


ee _.0000 


and has recently. been found to play an 
mporarl role in bladder cancer devel- 
pment. Mutations in Notch pathway 
mponents have been identified in 43% 
t tumours, and Notch activation has 
peen shown to suppress proliferation by 
reducing phesphorylation of ERK1/2 in 
vitro and in vivo {2273}. 


po3/ retinoblastoma protein 

this pathway regulates cell cycle pro- 
gression. The tumour suppressor p53 
inhibits cell cycle G1-S progression and 
has been found to have multiple functions 
involving activation of DNA damage re- 
pair, cell cycle arrest, and initiation of ap- 
aptosis. TP53 is predominantly mutated 
or deleted in CIS and high-grade invasive 
tumours {824,1132}, and p53 positivity by 
immunohistochemistry is significantly as- 
sociated with outcome in invasive tumours 
(1768). The tumour suppressor retinoblas- 
toma protein plays a crucial role in inhibit- 
ing cell cycle progression by binding E2F 
transcription factors. Inactivation of RB1 
also predominantly occurs in invasive 
bladder tumours {381}. The p53 / retino- 
blastoma protein pathway has been found 
to be altered in 93% of muscle-invasive 
tumours {391}. 


Chromatin remodelling 

Mutations in genes controlling the chro- 
matin remodelling process are common in 
bladder cancer {178,391,1084,2043} and 
various other cancers {2835}. Changes to 
chromatin structure may lead to altered 
gene expression and drive tumorigenesis 
{504}. In a recent study of 131 muscle- 
invasive tumours, mutations in genes with 
histone-modifying function were observed 
in 89% of the cases {391}. In another large 
study of 97 patients, 59% showed muta- 
tions in genes involved in chromatin regu- 
lation {1070}. Most mutations cause deac- 
tivation of the gene functions. 


Therapeutic strategies 

Several therapeutic strategies are under 
investigation. Small molecule pan-FGFR 
inhibitors have demonstrated encourag- 
ing results in bladder cancer subsets 
harbouring activating FGFR mutations 
or translocations. Among receptor ty- 
rosine kinases, EGFR inhibitors may be 
effective in chemotherapy-naive bladder 
cancer with EGFR or ERBB2 overexpres- 
sion {1944}. Encouraging preclinical re- 
sults have also been achieved with tras- 
tuzumab conjugated with the cytotoxic 
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Fig. 2.25 Molecular subtypes of urothelial carcinoma. Immunohistochemical analysis (CK5/6, CD44, and CK20) of 
basal and luminal marker expression. Reprinted from Choi et al. {510}. 


agent DM1 in tumours positive for ERBB2 
(also caled HER2) {174,1144,2312}. 
Prior ERBB2-targeted trials in bladder 
cancer {1260} suggest that evidence of 
tumour ERBB2 positivity by either immu- 
nohistochemistry or FISH could be used 
to guide therapy. Unlike in breast cancer, 
most ERBB2 overexpression in bladder 
cancers is not associated with ERBB2 
gene amplification {1117}. A higher rate 
of ERBB2 mutation and fewer amplifica- 
tions are encountered in bladder can- 
cer than in breast cancer. Furthermore, 
mTOR pathway inhibitors in combination 
with MEK inhibitors {403} and inhibitors of 
cell cycle regulators {670,671} (PLK1 and 
CDK4 {1657}) are under investigation in 
combination with chemotherapy. Finally, 
preliminary positive response with anti- 
CTLA4 and anti-PDL1 {2237} suggests a 
promising role for novel immune-modu- 
lating agents in bladder cancer. 


Genetic susceptibility 

It has become evident that smoking is the 
only identifiable exogenic factor explain- 
ing familial clustering of bladder cancers 
{1159}. 

Over the past 10 years, methodology 
has advanced and genome-wide as- 
sociation studies have been included in 
data generation {1425} to identify genetic 
susceptibility. These studies will be even 
further improved by whole-genome se- 
quencing techniques {391}. In genetic 
epidemiology, a genome-wide associa- 
tion study, also known as a whole-ge- 
nome association study, is an examina- 
tion of many common genetic variants in 


different individuals to see if any variant 
is associated with a trait. Before the time 
of genome-wide association studies, a 
small increase in bladder cancer risk was 
attributed to variations in detoxifying en- 
zymes such as NAT2 and GSTM1, find- 
ings which have now been replicated in 
other patient series {1062} 

An early genome-wide SNP-association 
study on 1803 bladder cancers found a 
SNP close to MYC on chromosome 8q24 
associated with a risk for bladder cancer 
1.49 times as high as the risk in non-car- 
riers {1426}. Variants of the PSCA gene 
on 8q24.3 have been found to influence 
bladder cancer risk to a similar extent 
{921,2989}. Furthermore, a genetic poly- 
morphism in the 9p21 region (rs2764736) 
is associated with a higher risk for blad- 
der cancer, and other polymorphisms 
of this genetic region (i.e. the intergenic 
region between the ELAVL2 and TUSC1 
genes) are associated with multiple can- 
cers, including bladder cancer {1642}. 
The examples given deal with genes 
known to be specifically involved in early 
bladder carcinogenesis (on chromo- 
somes 8 and 9); however, SNPs on other 
chromosomes (3q28 and 4q16.3) have 
also been described {2366}. Although 
the data are very interesting, most stud- 
ies still lack validation in independent 
cohorts. 

Known susceptibility loci for bladder can- 
cer are in part associated with a change 
of the effect of smoking on the absolute 
risk on bladder cancer. This holds true 
for genes coding for carcinogen-metab- 
olizing and -detoxifying enzymes such 
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Fig. 2.26 Molecular subtypes of urothelial carcinoma. Multiple displacement amplification (MDA) of three molecular subtype signatures (basal, luminal, and wildtype 7P53) on whole- 
genome mRNA expression (lllumina's DASL platform), along with corresponding Kaplan-Meier plots of overall survival and disease-specific survival for each subtype. Reprinted from 


Choi et al. {510}. 


as NAT2 and UGT1A6 {867}. These data 
indicate a predisposition for the origin of 
a sporadic tumour, Suggesting the exis- 
tence of an intermediate state of carcino- 
genesis between hereditary tumours and 
sporadic tumours; however, the overall 
effect of Common genetic variants for 
bladder cancer is small {1736}. 

Special attention has been given to blad- 
der cancer in young patients. Early-onset 
bladder cancer (i.e. in patients aged 
< 20 years) shows very few genetic and 
epigenetic events and is not related to 
mismatch repair deficiency (Lynch syn- 
drome) {976,2104}. The mutations and 
epigenetic hits found in tumours in pa- 
tients aged > 20 years are not significant- 
ly different from those found in older age 
groups {2104}. 

It has recently been determined that in 
patients with Lynch syndrome, urothelial 
tumours can occur not only in the upper 
urinary tract but also (less commonly) 
in the bladder {2968}. The 10-year risk 
for urothelial cancer in patients already 
diagnosed with Lynch syndrome is 2%. 
It has also been shown that patients al- 
ready diagnosed with Lynch syndrome 
seem to develop urothelial tumours main- 
ly when MSH2 is affected by a germline 
mutation of the mismatch repair system 
{797}. Integrating the increasing num- 
ber of genetic data in combination with 
data on environmental and personal risk 
factors has the potential to improve the 
diagnosis, prevention, and treatment of 
bladder cancer. 
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Prognosis and predictive factors 


Clinical factors 

The clinical factors that predict outcome 
vary by stage. For Ta/T1 disease, re- 
currence is most strongly influenced by 
multifocality, tumour size, and history of 
prior recurrence, whereas prognosis is 
strongly influenced by grade and con- 
comitant CIS {2821}. Additional factors 
that influence prognosis include prostat- 
ic involvement by urothelial carcinoma, 
time to recurrence, response to intravesi- 
cal therapy, and early radical cystectomy 
{367,2821}. Outcomes in pT2-4 disease 
are influenced by tumour stage, timing of 
radical cystectomy, response to radiation 
and/or chemotherapy, and presence of 
metastasis {937,1027}. Extended lymph- 
adenectomy may be associated with im- 
proved 5-year progression-free survival 
{291,1623}. Higher numbers of lymph 
nodes involved by metastatic disease, 
increased size and volume of lymph 
node metastasis, and the presence of 
extracapsular extension may negatively 
impact outcomes {883,2614}. In addition, 
the total number of lymph nodes sam- 
pled in node-negative disease has been 
correlated with outcome, highlighting 
the importance of adequate lymph node 
dissection {1484}. Positive ureteral and 
urethral margins are risk factors for the 
development of subsequent upper tract 
and urethral disease, respectively {367}. 
Additional clinical factors that influence 
outcomes include the expertise of the 
surgeon and the development of postop- 
erative complications {867}. 


Morphological factors 

Morphological factors associated with 
prognosis include grade, stage, an- 
giolymphatic invasion, and presence of 
some of the variant histologies. 

Invasion has been associated with both 
low- and high-grade surface lesions, al- 
though much less commonly with low- 
grade lesions. Invasive carcinoma oc- 
curring in a background of low-grade 
papillary urothelial carcinoma has a 
recurrence rate of 34%, is associated 
with grade and/or stage progression in 
35-60% of recurrences, and shows me- 
tastasis in a small subset of cases {2724, 
2931}, although studies are limited. In 
contrast, high-grade papillary urothelial 
carcinoma shows recurrence rates as 
high as 70% and stage progression in 
5% of lesions after 1 year. CIS can show 
progression to muscle-invasive disease 
in as many as 50% of cases {1574, 1575, 
2659}. In addition, CIS has been sug- 
gested to be associated with multifocal 
disease, including disease involving the 
prostatic urethra and upper tract {2563}. 
Grading of invasive urothelial carcinoma 
has been an area of difficulty. The ap- 
plication of the grading criteria used for 
papillary tumours to invasive tumours 
results in a substantial majority being 
classified as high-grade {1346, 1896}. 
There have been no reports of invasive 
papillary urothelial neoplasms of low ma- 
lignant potential (as defined by the 2004 
WHO grading system), although a small 
percentage of cases can recur at a high- 
er grade and then invade. Nonetheless, 
invasive low-grade urothelial carcinomas 


have been reported in most large se- 
ries, and reports have demonstrated that 
these have a better prognosis than do 
high-grade carcinomas {440,1527,2724}. 
Depth of invasion is a critical prognostic 
determinant in invasive urothelial carci- 
noma. In T1 disease, several substag- 
ing strategies have been proposed to 
improve outcome prediction {1114}, but 
have been difficult to adopt due in part 
to the inherent lack of orientation of the 
specimen. One strategy separates T1 
disease into that above the muscularis 
mucosae (T1a), below the muscularis 
mucosae but above the venous plexus 
(T1b), and beyond the venous plexus 
(Tic) or separates microinvasive (T1m) 
disease from more deeply invasive dis- 
ease (Tie) ({2824,3034}]. Whereas Tia 
and T1b corresponded to a 5-year sur- 
vival rate of 75%, Tic disease was as- 
sociated with a 5-year survival rate of 
only 11% {3034}. A second strategy 
separates superficial from deep lamina 
propria invasion, into Tia and T1b cat- 
egories, respectively, with T1b showing 
higher rates of progression (58% vs 36%) 
and death from disease (46% vs 23%) 
than Tta {1221}. Finally, the depth of in- 
vasion, a maximum diameter of invasive 
carcinoma of < 1 high-power field versus 
> 1 high-power fields (irrespective of di- 
rection), and a cut-off of 1 mm maximum 
invasive diameter have all been shown 
to be associated with prognosis {81,252, 
440,842}. Based on the available data, it 
is recommended to provide an assess- 
ment of the depth and/or extent of sub- 
epithelial tissue invasion in T1 cases. 

T2 staging can be problematic on biopsy 
and transurethral resection specimens 
when muscularis propria has not been 
sampled; however, the adoption of report- 
ing templates that incorporate the pres- 
ence of muscularis propria has standard- 
ized reporting. Substaging of T2 disease 
into superficial muscularis propria (pT 2a) 
and deep muscularis propria (pT 2b) inva- 
sion at radical cystectomy corresponds to 
significant differences in recurrence-free 
and cancer-specific survival in node- 
negative disease {938,2720}. Distinction 
between pT2 and pT3 disease at radi- 
cal cystectomy can be problematic due 
to an irregular boundary between the 
muscularis propria and the perivesical 
fat. Methods of delineating the bound- 
ary between these layers appear to vary 
by pathologist, although the adoption of 
standardized methodology may improve 
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Table 2.02 Prognostic molecular markers in bladder 


cancer, adapted by permission 


from Macmillan 
Publishers Ltd from Netto {2023} 


Downregulated expression of retinoblastoma protein, 
p21, and p27 


Overe 


Multimarker immunoexpression analysis (p53, p27, 
Ki-67, retinoblastoma protein, and p21) 


tatus : 


Angiogenesis marker overexpression (vascular 
endothelial growth factor, HIF 1a, and 
thrombospondin 1) 


Epid |agrowthfactorr tor ovel 


ERBB2 overexpression / ERBB2 amplification 


mTOR alterations 


Promoter hypermethylation (RASSF7, CDH1, and 
EDNRB) 


reproducibility and possibly association 
with outcomes {94}. The prevalence of 
lymphovascular invasion increases with 
pathological stage, occurring in 9%, 
23%, 60%, and 78% of p71, pl2, pT3, 
and pT4 lesions, respectively {1727}. 
Whereas lymphovascular invasion can 
independently predict worse cancer-spe- 
cific and overall survival in node-negative 
muscularis propria—invasive bladder can- 
cer, its prognostic roles in node-positive 
muscle-invasive bladder cancer and in 
pT1 disease remain unclear {1727,2502}. 
Routine use of immunohistochemistry to 


detect lyimphovaseular Invasion has not 


been recommended 185} 

Several urothelial Carcinoma variants 
have bean associated wiki poor aut 
cornes.or lack Ol response to ther ipy 
although several of (hese findings are 
eufrenily undergoing re-evaluation It 


Important to recognize that most ol these 
vanams are seen In combination wilh pj 
ther conventional urothelial carcinoma ar 
other variants, a sign of the Morphological 
plasticity encountered in high-grade dis 
ease. Micropapillary urothelial carcinoma 
is oftan muscle-invasive at diagnosis, anc! 
the amoun! of micropapiltary morphal- 
ogy present may correlate with outcomes 
{957}. Nested urothelial carcinoma often 
shows muscle invasion at diagnosis and 
shows associated aggressive behaviour 
{2927}. Poorly differentiated carcinomas 
(such as plasmacytoid urothelial carci- 
noma) and sarcomatoid urothelial carci- 
noma have been described to be asso- 
ciated with advanced cancer stage and 
increased risk of death {277}. Small cell 
differentiation is associated with a high 
incidence of metastasis at diagnosis or 
soon after and is often associated with 
fatal outcomes {85}. 


Genetic and molecular markers 

The elucidation of the molecular path- 
ways of bladder caricer has accelerated 
the identification of prognostic (Fig. 2.22, 
p. 93) and theranostic markers, enabled 
the development of novel non-invasive 
early detection and surveillance strate- 
gies, and facilitated the identification of 
new targets of therapy in bladder can- 
cer {224,268,444,483, 1589, 1867,2023, 
2024,2261,2405,2497,2813}. To date, 
the lack of multi-institutional randomized 
prospective trials validating the additive 
beneficial value of prognostic and pre- 
dictive molecular biomarkers {234,297} 
has significantly hindered their wide- 
spread Clinical use. Now, on the heels of 
recent genomic studies in bladder can- 
cer {391,510,1445, 1668}, such trials are 
now being launched. 


Early detection and surveillance 

Numerical chromosomal alterations such 
as gains of chromosomes 3q, 7p, and 
17q and deletion of 9p21 (p16 locus) 
have long been exploited in a commer- 
cially available, multitarget interphase 
FISH-based urine assay {1405,1526, 
2536}. The assay is approved by the Unit- 
ed States Food and Drug Administration 
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jor surveillance as well as screening and 
early deteclion in high-risk palients wilh 
yaomaturia. Wen used as a reflex tes! in 
gombination wilh routine urine cytology, 
ine assay has a sensitivity of 69-87% and 
a specificity of 89-96% |1943,2425). Fur- 
thermore, as many as two thirds of pa- 
tients with positive FISH but clinically un- 
detectable disease have been shown to 
develop cancer within 29 months (3024}, 
suggesting a lead time value of molecu- 
lar early detection {851,917,1394,2443}. 
More recently, given the high prevalence 
of FGFR3 mutations in non-muscle-in- 
vasive bladder cancer, urine assays to 
detect these mutations (either as a single 
marker or in combination with other alter- 
ations, such as TERT promotor mutations 
(1430, 1445,3080) and RAS and PIK3CA 
oncogenes) have been proposed as 
promising strategies for early detection 
and surveillance {1180,1482,1915,3 103}. 


Receptor tyrosine kinases and cell cycle 
markers 

Numerous studies have suggested a 
prognostic value for receptor tyrosine 
kinases such as FGFR3, EGFR, ERBB2 
(also called HER2/neu), and ERBB3 in 
bladder cancer (37,298,774,1620,1670, 
1816,2529,2828,2990}. The presence of 
FGFR3 mutation correlates with favour- 
able outcome {2827,2828). An elevated 
tumour proliferation index measured im- 
munohistochemically by Ki-67 or MIB1 
has been consistently shown to predict 
worse outcome in bladder cancer {1711, 
1785 2258, 2827 ,2828}. Not surprisingly, 
a molecular grade combining FGFR3 
gene mutation status and MIB1 index, ini- 
tially proposed by van Rhijn et al. {2827, 
2828}, has found commercial applica- 
tions. Molecular grade was superior to 
the European Organisation for Research 
and Treatment of Cancer (EORTC)’s 
non—muscle-invasive bladder cancer 
risk calculator {2659}. Molecular grade 
independently predicts disease-specific 
survival, and the addition of molecu- 
lar grade to the multivariable model for 
progression increases its predictive ac- 
curacy to 81.7%. Proliferation index as- 
sessment also has a prognostic role in 
muscle-invasive disease {1786}. In fact, 
the role of the Ki-67 proliferation index in 
predicting progression-free survival and 
disease-specific survival was confirmed 
in a large cystectomy cohort from the 
bladder consortium multi-institutional trial 
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{1785}. Finally, a synergistic prognostic 
role for combining p53 immunoexpres- 
sion status with other cell cycle control 
elements, such as pRB, cyclin E1, p21, 
and p27, has been repeatedly shown in 
non-muscle-invasive as well as muscle- 
invasive bladder cancer {444,947,2497, 
2498 2499}. 


Epigenetic markers 

Mounting evidence supports the utility of 
epigenetic analyses as non-invasive di- 
agnostic, early-detection, and prognos- 
tic tools in bladder cancer {376,421 ,739, 
1226,1659,2037,2476,2799,2870,2953, 
3017,3018}. Among the numerous docu- 
mented epigenetic alterations, promoter 
methylation of RASSF1, DAPK, CDH1, 
TNFRSF25, EDNRB, and APC genes has 
been shown to predict disease progres- 
sion and possibly death from disease, 
independent of tumour stage {421,3017}. 


Genomic analyses ` 

Global expression profiling has been 
used to delineate bladder tumour sub- 
groups. Studies have identified gene 
expression patterns that classify tumours 
according to major pathological charac- 
teristics {283,746,748,2406}. Whereas 
earlier array-based gene expression 
studies highlighted differentially ex- 
pressed genetic signatures capable of 
predicting recurrence and progression 
{268,749,750,1867,1909,1910}, recent 
integrated genomic and protein analy- 
sis studies have better defined clinically 
relevant molecular subtypes of bladder 
cancer. By integrating genomic data 
from comparative genomic hybridization, 
gene expression arrays, targeted muta- 
tion sequencing analysis, and protein 
analyses, Lindgren et al. (1667,1668} 
identified two main genomic molecu- 
lar profiles in urothelial carcinoma. The 
first profile is characterized by FGFR3 
alterations, overexpression of CCND1, 
and deletions in 9q and CDKN2A, and 
the second by E2F3 amplifications, RB 1 
and PTEN deletions, gains of 5p, and 
overexpression of CDKN2A. Advanced 
tumours in both groups demonstrated 
TP53/MDM2 gene alterations. More re- 
cently, a five-subtype molecular taxono- 
my has been developed that cuts across 
pathological classification; each subtype 
is associated with distinct outcomes 
{2535}. The Lindgren et al. study {1668} 
was the first to describe the significantly 


worse prognosis associated with a gene 
expression profile of a keratinized/squa- 
mous phenotype (CK5/6-positive). The 
aggressive behaviour of this molecular 
subtype was further illustrated by Choi 
et al. (See Fig. 2.26, p. 96) (510}. This 
so-called basal-like subtype is charac- 
terized by p63 activation, squamous dif- 
ferentiation, CK5/6 positivity, EGFR and 
CD44 expression, and lack of CK20. The 
subtype is clinically aggressive but po- 
tentially sensitive to neoadjuvant chemo- 
therapy. The study also identified a lumi- 
nal subtype -which is typically enriched 
for activating FGFR3 mutations, active 
estrogen receptor pathway, and an 
ERBB2 and PPARy expression profile (all 
potential targets of therapy) - and a third 
subtype, characterized by a wildtype 
TP53 gene expression signature. This 
third subtype was strongly associated 
with resistance to neoadjuvant MVAC 
chemotherapy. Interestingly, tumours of 
the luminal and basal-like subtypes also 
displayed the wildtype 7P53 expression 
signature upon resistance to chemo- 
therapy {510}. Finally, a recent study of 
131 muscle-invasive bladder cancers 
by The Cancer Genome Atlas (TCGA) 
Research Network {391} revealed four 
major expression clusters. Among them, 
the papillary-like cluster (cluster 1) is en- 
riched for FGFR3 gene alterations and, 
like cluster Il, shows expression of lu- 
minal urothelial differentiation markers 
(activated expression of estrogen recep- 
tor, GATA3, uroplakin, and ERBB2). The 
basal/squamous-like cluster (cluster III), 
like its counterpart in the Choi et al. {510} 
study, is characterized by CK5/6 and 
EGFR expression {391, 1668}. 

The molecular signatures identified by 
the genomic studies discussed above 
(see Fig. 2.24, p. 94) {391,510} may help 
to define subsets of patients who will re- 
spond and achieve higher survival rates, 
while sparing other patients (e.g. those 
with a TP53-wildtype tumour) from unnec- 
essary therapy-related toxicity and delay 
of cystectomy {710,1046,1058,3054}. A 
clinical trial to compare the clinical effi- 
cacy of the two frontline chemotherapy 
regimens (gemcitabine plus cisplatin vs 
MVAC) and the ability of the novel gene 
expression profiling-based Coexpres- 
sion Extrapolation (COXEN) algorithm to 
predict complete pathological response 
has been launched by the Southwest On- 
cology Group (SWOG) {710}. 


Non-invasive urothelial lesions 


Introduction 


Non-invasive tumours constitute the ma- 
jority of primary bladder neoplasms at 
initial diagnosis. These can be separated 
into two distinct categories ~- papillary 
and flat- which can be seen separately 
or in combination. Carcinoma devoid of 
papillary structures is called urothelial 
carcinoma in situ and is, by definition, 
iigh-grade. However, flat urothelium can 
axhibit a wide spectrum of atypia, from 
benign and reactive to preneoplastic, 
o frankly malignant (carcinoma in situ). 
Papillary lesions are equally varied, rang- 
ing fromreactive proliferations and papil- 
oma to papillary urothelial neoplasm of 
ow malignant potential, to low- and high- 
grade papillary carcinoma. Throughout 
the decades pathologists have attempt- 
ed to create morphology- and cytology- 
based classifications for both flat and 
papillary lesions, in an effort to reduce 
intra- and interobserver variability and 
to achieve better correlation with clini- 
cal outcome. Since the publication of the 
International Society of Urological Pathol- 
ogy (ISUP) system of classification in 
1997, which was subsequently incorpo- 
rated into the 2004 WHO classification, 
several studies have been published 
comparing this classification to others 
in terms of reproducibility and clinical 
impact, with mixed but mostly positive 
results. It is recommended that this clas- 
sification be adopted worldwide, due to 
the substantial advantages it provides: 


1. Use of uniform terminology and defini- 
tions based on cytological and archi- 
tectural disorder; 

2. Establishment of detailed criteria for 
various preneoplastic conditions and 
tumour grades; 

3. Elimination of the ambiguity in diag- 
nostic categories in the 1973 WHO 
system (e.g. Carcinoma, grade 1-2 vs 
carcinoma, grade 2-3); 

4. Synchronization of terminology with 
cytology, facilitating cytohistological 
correlation; 


5. Inclusion of a category of papillary neo- 
plasm (papillary urothelial neoplasm 
of low malignant potential) that has a 
negligible risk of progression although 
the potential for recurrence requires 
some level of clinical follow-up; 

6. Definition of a group of lesions (high- 
grade) with a high risk of progression 
that may be candidates for adjuvant 
therapy. 

This classification has been endorsed by 
almost all major contemporary pathology 
textbooks; the United States Armed Forc- 
es Institute of Pathology (AFIP) Atlas of 
Tumour Pathology, Fourth Series fascicle 
on tumours of the kidney, bladder, and 
related urinary structures; the seventh 
edition of the American Joint Committee 
on Cancer (AJCC) Cancer Staging Man- 
ual; and the International Collaboration 
on Cancer Reporting (ICCR). The reason 
that controversy remains regarding the 
classification of non-invasive urothelial 
neoplasms is multifactorial. The clinical 
risks of recurrence and disease progres- 
sion are not determined solely by growth 
pattern and grade, but also by multiple 
other factors, such as size, multifocality, 
time to recurrence, and prior intravesical 
therapy. Many of these factors are not 
taken into account in published studies, 
making the results open to interpretation. 
Nevertheless, we must come to terms 
with the fact that grading is still a largely 
subjective assessment. In the future, an- 
cillary studies, including immunohisto- 
chemical and molecular assays, will lead 
to better reproducibility and better corre- 
lation with clinical outcome and possibly 
with response to therapy. 


Urothelial carcinoma in situ 


Definition 

Urothelial carcinoma in situ (CIS) is a flat 
urothelial lesion of variable thickness, 
devoid of papillary structures containing 
cytologically malignant cells. 


ICD-O code 8120/2 
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Synonym 


High-grade flat intraurothelial neoplasia 
(obsolete) 


Epidemiology 

The pure form of urothelial CIS accounts 
for 1-3% of newly diagnosed urothe- 
lial neoplasms. bul it is Commonly seen 
adjacen! or subsaquent to high-grade 
papillary urothelial carcinomas, and in 
45-65% of invasive tumours (843,1361, 
1494, 1863,2978,3095) 


Etiology 
See /nfiltrating urothelial 
(p. 81). 


carcinoma 


Clinical features 

The signs and symptoms of CIS are non- 
specific. Patients commonly present with 
dysuria, urinary frequency, or urinary 
urgency, and some patients are asymp- 
tomatic. Microscopic or macroscopic 
haermaturia may be the presenting sign 


Localization 

CIS is encountered de novo in the urinary 
bladder more commonly than in the up- 
per urinary tract or urethra. Involvement 
of the surface urothelium is usually mul- 
tifocal and sometimes diffuse. When this 
is the case, disease extends to the dis- 
tal ureters in 6-60% of cases and to the 
prostatic urethra in 20-67% of cases. In 
the prostate, it may extend into the peri- 
urethral and prostatic ducts {842,1494, 
2203,2507]. 


Macroscopy 

On cystoscopy, CIS may be difficult to 
identify. It often appears as areas of ery- 
thema, which may be focal, multifocal, or 
diffuse. The mucosa may appear some- 
what raised, with a velvety, granular ap- 
pearance. Mucosal erosion may be pre- 
sent due to the exfoliation of neoplastic 
cells. 


Histopathology 

Urothelial CIS is characterized by the 
presence of cells with large pleomorphic 
and hyperchromatic nuclei with one or 
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more irregular nucleoli. There is loss of 
cell polarity and irregular nuclear crowd- 
ing. Mitoses may or may not be present, 
but are commonly plentiful, with occa- 
sional atypical forms. The level of cyto- 
logical disorder is such that it is visible at 
low to medium magnification. The under- 
lying lamina propria is usually inflamed 
and congested with prominent vascu- 
larization. The neoplastic cells need not 
occupy the entire thickness of the urothe- 
lium; the presence of isolated malignant 
cells (pagetoid spread) is sufficient to 
render a diagnosis of CIS. The cytology 
of individual tumour cells may be quite 
variable. Some cells may have abundant 
eosinophilic cytoplasm with either pleo- 
morphic or uniformly large hyperchro- 
matic nuclei, which may be 5-6 times the 
size of a lymphocyte. In some cases, the 
neoplastic cells are small, with relatively 
scanty basophilic cytoplasm, but with 
atypical, hyperchromatic nuclei {84,91, 
1847}. Because some tumours are dis- 
cohesive, they tend to shed neoplastic 
cells into the urine. In these cases, the 
urothelilum may appear to be entirely 
denuded or may contain isolated highly 
atypical cells, referred to as clinging 
carcinoma. It is not uncommon for CIS 
to be associated with foci of microinva- 
sion. Immunohistochemistry may have 


a role in distinguishing urothelial atypia 
from CIS, although interpretation must 
always be carried out within the context 
of the morphological findings. There is no 
evidence that immunohistochemistry can 
differentiate CIS from urothelial dyspla- 
sia. Under normal circumstances, CK20 
is limited to umbrella cells, whereas CIS 
tends to have full-thickness immunoreac- 
tivity. CD44 is present in the basal layer 
of normal urothelium, but is usually lost 
in CIS. CIS can also exhibit a high rate of 
proliferation, as measured by Ki-67 stain- 
ing, as well as diffuse and strong nuclear 
expression of p53 protein {92,1846}. 


Genetic profile and genetic 
susceptibility 

See Non-invasive papillary urothelial 
carcinoma (p. 101). 


Prognosis and predictive factors 

A significant number of patients with 
CIS respond to intravesical instillation 
of BCG, but virtually all cases eventu- 
ally recur, and as many as 25% of cases 
progress to invasive disease. Of patients 
who undergo early cystectomy for CIS, 
15-25% harbour microinvasive disease. 
Multifocal CIS has been associated with 
the development of both upper tract 
(ureter and renal pelvis) and lower tract 


$ 
ess cytological and architectural disorder 


characterized by hyperchromasia and irregular nuclear contours; mitotic activity and apoptotic bodies are evident. This 
example shows neoplastic cells that are smaller than in typical cases. B Markedly atypical and pleomorphic urothelial 
cells; many discohesive malignant cells are present on the luminal surface of the lesion. C Clinging (denuding) 
carcinoma in situ; isolated highly atypical malignant cells line a partially denuded and inflamed bladder wall, D Markedly 
hyperchroratic neoplastic cells with moderate to abundant eosinophilic cytoplasm are present within the urothelium; 
some of these neoplastic cells infiltrate the urothelium in a pagetoid manner. 
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(urethra) disease. Lack of response to 
intravesical therapy has been associ- 
ated with disease progression and is an 
indication for early cystectomy {481,624, 
1007, 2041 ,2975}. 


Non-invasive papillary 
urothelial carcinoma 


Definition 

Papillary urothelial carcinoma is a papil- 
lary urothelial neoplasic proliferation with 
some level of cytological and architectur- 
al disorder visible at low to intermediate 
magnification, with no invasion beyond 
the basement membrane (Ta). 


ICD-O codes 

Non-invasive papillary urothelial 
carcinoma, low-grade 8130/2 

Non-invasive papillary urothelial 
carcinoma, high-grade 8130/2 


Epidemiology 

Approximately 70-75% of new urothelial 
carcinomas are non-invasive and papil- 
lary. The male-to-female ratio is 3:1. The 
median patient age is 70 years. More 
than 50% of these tumours are of low 
grade {950,1449,1906}. These tumours 
have a high risk of disease recurrence, 
but < 15% of patients develop invasive 
disease. 


Etiology 
See Infiltrating urothelial 
(p. 81). 


carcinoma 


Clinical features 
The most common symptom is painless 
intermittent haematuria {1906}. 


Localization 

The most common location is the lateral 
and posterior walls of the urinary bladder, 
although these neoplasms may be found 
anywhere along the urothelial surface. 


Macroscopy 

On cystoscopy, the lesions are exophytic, 
can be either single or multiple, and may 
vary greatly in size {1181}. High-grade 
lesions are more likely to be hyperaemic 
and non-translucent. 


Histopathology 

Non-invasive papillary urothelial carci- 
noma is defined by thin fibrovascular 
cores covered by neoplastic urothelium 
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pilay urothelial carcinoma with low- and high-grade areas. Portions of the same papillary structures are lined by ci 


ells with various degrees of disorder and cytological 


atypia B Low-grade papillary urothelial carcinoma. Delicate papillae are lined by urothelium that at low power shows minimal cytological and architectural disorder. C High-grade 
papillary urothelial carcinoma. The papillae are lined by a variable number of urothelial cells exhibiting marked cytological disorder, clearly visible at low and medium magnification, 


of variable thickness. Heterogeneity in 
grade is characteristic of papillary carci- 
noma, Currently, the prevailing approach 
is to grade the tumour based on the 
highest-grade component; some authors 
advocate 5% as a cut-off point for clas- 
sifying a tumour as high-grade {1825}. 
| Jowever, some investigators have found 
that tumours with up to a 10% high-grade 
component behave clinically as low- 
grade disease {1006A}. Because there 
is NO consensus about the minimum pro- 
portion necessary to render a high-grade 
diagnosis, it may be prudent to state the 
proportion of high-grade disease. There 
is some evidence that purely high-grade 
papillary urothelial carcinomas are more 
aggressive than are mixed low- and high- 
grade lesions {91}. As is the case for vir- 
tually all epithelial neoplasms, grading is 


highly subjective. For papillary urothelial 
neoplasms, the WHO classification sys- 
tem requires the evaluation of the level 
of cytological and architectural disorder 
at low and medium magnification (100x 
and 200x) (Fig. 2.29). Cytological disor- 
der is defined as abnormalities in nuclear 
size, shape, and chromatin, and archi- 
tectural disorder is defined as abnormali- 
ties in the orientation of the cells in rela- 
tion to each other and to the basement 
membrane of the papillae {85,807}. 


Low-grade papillary urothelial carcinoma 
Low-grade lesions have delicate papillae 
with extensive branching. At low mag- 
nification, they have a relatively orderly 
appearance, but at medium magnifica- 
tion, some loss of polarity as well as mild 
nuclear irregularity and pleomorphism is 
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| At medium magnification, the tumour pattern gives a predominant impression of: | 


Of architectural and cytological features? 


VARIATION 


Of architectural and cytological features 
readily seen? 


ro. 
papilla 
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Fig. 2.29 Flow chart of the grading algorithm for 
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ry urothelial neoplasms. 


DISORDER 
Of architectural and cytological features? 


r Nios 


evident. Mitoses may or may not be pre- 
sent, but are usually non-atypical and 
may be found away from the basement 
membrane {1114}. 


High-grade papillary urothelial 
carcinoma 

In high-grade lesions, the papillae may 
be fused, giving them a more solid exo- 
phytic appearance. Cellular disorder, 
nuclear size variation, and irregular and 
pleomorphic nuclei are readily appar- 
ent at low to intermediate magnification. 
Irregular prominént nucleoli and numer- 
ous mitoses, including irregular forms, 
are typical {1114}. The thickness of the 
urothelium is quite variable, and some 
cases have marked nuclear anaplasia. 
Expression of GATA3, CK20, p63, CK5/6, 
and high-molecular weight cytokeratins 
is the typical immunoprofile of papillary 
urothelial carcinoma, but immunohisto- 
chemistry has no role in grading {92). 


Papillary urothelial carcinoma with an 


inverted growth pattern 
Some urothelial carcinomas have a pre- 
dominantly inverted/endophytic pat- 


tern of growth. They are characterized 
by branching, anastomosing cords of 
urothelium, some of which have an ex- 
pansile appearance. The stromal-epithe- 
lial interface has a smooth contour. The 
cytological and architectural features are 
similar to those of low- and high-grade 
carcinomas. Classically, these tumours 
are devoid of a stromal reaction, retain 
delicate vascular architecture at the 
stromal-epithelial interface, and do not 
involve the muscularis propria. Charac- 
teristic features of stromal invasion are 
absent. 


Genetic profile 
Current data indicate that urothelial car- 
cinogenesis occurs as a field effect that 
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can invelve any number of sites in the 
pladder mucosa [485,1344 2043} Grow- 
ing evidence supports the notion that 
residen urothelial stem cells in Ihe affecl- 
ed field are transfermec! into cancer stem 
cells by acguiring genetic allerations 
ai lead lo lumour formation through 
at expansion {483,509,2831]. Blad- 
tumours arise through at least two 
separate mechanisms: the FGFR3-as- 
sociated pathway and the TPSF ASSOC 
„ied pathway {494,496,2090), Tumours 
derived trom these lwo pathways present 
as heterogeneous groups with distinct 
jhenalypes and genotypes, and wilh 
grastically different biological behav- 
¡gurs and clinical oulcomes. Low-grade 
non-invasive tumours are characterized 
activating mutations in FGFR3, but 
high-grade urothelial carcinomas are 
characterized by genetic or epigenetic 
alterations in the 7P53 gene or Ih a TP53 
reguialion gene, such as CDKNZA (pi6) 
1503, 1793.2826). FGFR3 mutations are 
usually present in low-grade papillary 
carcinomas with limited genetic instabil- 
ity, whereas high-grade urothelial carci- 
nomas are characterized by 7P59 muta- 
ion. FGFR3 mulalions have also been 
reported in lesions classified as urothelial 
and inverted papilloma, but are rarely 
seen in urothelial tumours of paediatric 
patients |1729,2823 2965}. 
Recenl studies identified somatic muta- 
jions in the promoter of the gene coding 
{or the telomerase reverse transcriptase 
catalytic subunit (TERT) as the most 
common mutation in urothelial carcinoma 
of the bladder {60,1259}. Approximately 
70-80% of non-invasive urothelial carci- 
nomas harbour TERT promoter mutations 
(60). These mutations were more com- 
monly seen in FGFA3-mutant tumours 
and were not associated with tumour 
stage, histological grade, or clinical 
outcome. 
Other than FGFR3 and TERT promoter 
mutations, inactivation mutations of the 
cohesin complex gene (STAG2) were 
also commonly found in non-invasive 
urothelial carcinomas (in 32-36% of cas- 
es) [178,1084,1467,2562,2689}. As with 
FGFR3 mutations, inactivation mutations 
of STAG2 were associated with low tu- 
mour stage and low histological grade. 
However, there were conflicting data on 
ihe prognostic significance of STAG2 
mutations. Other mutations have also 
peen reported in non-invasive urothe- 
jal Carcinomas, including mutations of 
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PIK3CA (in 25% of cases), TSC1 (in 11- 
16%), HRAS (in 5-10%), and APC (in 4%) 
{477,478,496, 1467}. 

Epigenetic silencing of tumour suppres- 
sor genes by promoter hypermethylation 
has been shown for multiple genes in 
non-invasive urothelial carcinomas, in- 
cluding RUNX3, CDKN2A, MLH1, MGMT, 
VHL, DAPK, TBX2, TBX3, GATA2, ZIC4, 
GSTP1, and CDH1 {496,949 ,1368, 1369}. 
MicroRNA deregulation also contributes 
to urothelial carcinogenesis and is seen 
in non-invasive urothelial carcinomas 
{496,1467,3032}. Distinct microRNA 
alterations characterize urothelial car- 
cinoma and target genes in a pathway- 
specific or tumour phenotype-specific 
manner, predictive of tumour grade, dis- 
ease progression, and clinical behaviour 
{422,747,1369,2953}. 
Numerical and structural alterations of 
chromosomes are frequent in non-invasive 
urothelial carcinoma, including losses of 
chromosomes 2q, 3p, 5q, 8p, 9921, 9q22- 
q31, 10q23-25, 11p, 13q, 14, 17p 13, and 
Y, and gains of chromosomes 1p, 1423, 
5p, 8q22, 12q, 17, and 20q12 {478,483, 
496 ,1438,1465,2990}. Loss of the entirety 
or part of chromosome 9 is the most com- 
mon cytogenetic abnormality in non-in- 
vasive urothelial carcinoma. Both 9q and 
9p losses are present in low-grade non- 
invasive papillary tumours and urothelial 
“hyperplasia”, now called urothelal pro- 
liferation of uncertain malignant poten- 
tial. Adjacent normal-looking urothelium 
harbours the same allelic loss of chromo- 
some 9 as the tumour does, which sug- 
gests that loss of chromosome 9 plays an 
important role in the transformation from 
benign urothelium to tumour {1132}. The 
regions commonly lost on chromosome 
9 include 9p21 (CDKNZA), 9q22 (PTCH), 
9q32-33 (DBC1), and 9q34 (TSC1) {11, 
1234,1466,2024}. A loss at 9p21 inacti- 
vates CDKN2A, which encodes for two 
spliced products, INK4A and ARF. These 
products induce cell cycle arrest through 
the retinoblastoma protein and p53 sig- 
nalling pathways, respectively. 

In non-invasive urothelial carcinoma, 
gene amplification (found in < 5% of cas- 
es) is far less common than other genetic 
alterations. Amplifications of MDM2, 
RAF1, CCND1, and FGFR1 genes have 
been reported {1467,2527}. 


Genetic susceptibility 
Genetic predisposition to the develop- 
ment of non-invasive urothelial carcinoma 


is well documented and is similar to the 
genetic predisposition for infiltrating 
urothelial carcinoma (for a more detailed 
discussion, see /nfiltrating urothelial car- 
cinoma, p. 81). Patients with Lynch syn- 
drome, particularly MSH2 carriers, are at 
risk for developing urothelial carcinoma, 
preferentially in the upper urothelial tract 
{797}. Most Lynch syndrome-associated 
tumours are high-grade urothelial carci- 
nomas {2542}. 


Prognosis and predictive factors 


Clinical and morphological factors 
Family history of urothelial carcinoma 
does not appear to have any prognostic 
value for non-invasive urothelial carci- 
noma {763}. 

Critical prognostic factors for non-inva- 
sive urothelial carcinoma include the 
WHO / International Society of Urologi- 
cal Pathology (ISUP) histological grade, 
which is one of the most important prog- 
nostic and predictive factors. The recur- 
rence and stage progression rates, re- 
spectively, are 36% and 4% for papillary 
urothelial neoplasms of low malignant 
potential and 50% and 10% for low-grade 
carcinomas {1713}. In high-grade carci- 
noma, the recurrence rate is 60%, and 
the rates of progression to lamina propria 
and invasion of muscularis propria are 
25% and 5%, respectively {1017}. Mul- 
tiple or large (> 5 cm) neoplasms, pre- 
vious recurrence, associated urothelial 
carcinoma in situ, and short disease-free 
interval are all associated with a higher 
risk of recurrence {625,882, 1429, 1900}. 
Within the group of high-grade carcino- 
mas, frank nuclear anaplasia has been 
associated with shorter time to recur- 
rence and progression. 

Multifocal disease involving non-bladder 
sites is a particularly high-risk feature 
that is correlated with stage progression 
and disease—associated mortality {1427, 
1742,2153}. 

Although no prognostic immunohis- 
tochemical markers are currently rec- 
ommended in routine clinical practice 
{92}, there is some evidence that in- 
creased proliferation rate as determined 
by Ki-67 expression {1017}, alone or 
in combination with p53, may predict 
risk of recurrence and progression 
{2510A,2909,3022A}. Abnormal full- 


thickness CK20 staining has been report- 
ed to correlate with recurrence. A normal 
CK20 profile (i.e. staining localized to the 


umbrella cell layer) has been shown to 
predict lower recurrence risk {65}. 


Genetic factors 

Over the past decade, molecular studies 
have greatly increased our understand- 
ing of the biology of bladder cancer; how- 
ever, no single marker has proven suf- 
ficiently prognostic to enter into routine 
clinical practice {1366}. Given the known 
genetic differences between invasive 
and non-invasive bladder cancer, the 
classification of Ta and pT1 neoplasms 
into a single category of superficial blad- 
der cancer is a likely cause of variable 
and conflicting study findings. Future 
studies that specifically investigate pTa 
disease, as well as analyses that address 
the additive effect of various biomarkers 
and the interaction of complex genetic 
pathways, hold promise for future prog- 
nostic and predictive applications. 


Risk of recurrence 

The prognostic value of proliferation rate 
has been studied extensively using mul- 
tiple methods. Higher levels of cellular 
proliferation as measured by convention- 
al mitotic count, flow cytometry, PCNA la- 
belling, and Ki-67 labelling index have all 
been shown to correlate with increased 
recurrence risk {1600,1673,1681,2859}. 
Mutations in FGFR3 are common in non- 
invasive low-grade papillary carcinomas 
and are associated with lower recurrence 
risk {37,2822}, but may be dependent on 
allelic loss at 9922 {2229}. Mutations in 
the PI3K gene (PIK3CA) are less com- 
mon, and are associated with better 
recurrence-free survival {740,1719}. In 
contrast, PTEN deletions are associated 
with an increased recurrence rate in pTa 
bladder cancer {577}. FISH studies that 
detect chromosomal alterations in urine 
have also been shown to predict disease 
recurrence after tumour resection in pa- 
tients with normal cytological findings 
{2536,3024}. 


Risk of progression 

Because stage progression is relatively 
rare in low-grade urothelial neoplasia, 
data on the prognostic importance of ge- 
netic changes in these tumours are lack- 
ing. Molecular changes that have shown 
an association with increased risk of pro- 
gression in pTa bladder cancer include 
p53 accumulation {2423}, loss of nuclear 
P63 expression {2789}, loss of membra- 
nous E-cadherin expression {2501}, and 
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otential. A A neoplasm with overtly thickened urothelium 


lining papillary fronds. B Thickened but orderly urothelium with uniformly bland cytology, lacking mitotic figures. 


RB deletions {578}. In addition, LOH at 
16p13 and chromosomal alterations in- 
volving 3p, 4p, 5p, 5q, 6q, 10q, and 18q 
are also predictors of increased risk of 
progression to invasive disease {1467}. 


Papillary urothelial neoplasm of 
low malignant potential 


Definition 

Papillary urothelial neoplasm of low ma- 
lignant potential (PUNLMP) is a papillary 
urothelial tumour with minimal atypia. The 
thickness of the tumour lining commonly 
exceeds that of normal urothelium. 
ICD-O code 8130/1 
Epidemiology 

The incidence is 3 cases per 100 000 in- 
dividuals per year. The male-to-female 
ratio is 5:1 and the mean patient age at 
diagnosis is 64.6 years, with a range of 
29-94 {1220}. 


Etiology 

The specific etiology is unknown, al- 
though it is believed to be similar to that 
of other papillary urothelial neoplasms. 


Clinical features 

Most patients present with gross or mi- 
croscopic haematuria. Urine cytology 
is negative in most cases. Cystoscopy 
reveals a low-grade papillary tumour of 
variable size. An invasive component is 
never directly associated with this lesion. 


Localization 
The location is the same as for other 
urothelial tumours. 


Macroscopy 

Cystoscopically, these neoplasms pre- 
sent as single or multiple discrete exo- 
phytic papillary lesions of variable size. 


Histopathology 

At low power, PUNLMPs show papillary 
structures lined by urothelium that usu- 
ally appears thicker and/or more cellular 
than normal urothelium. Otherwise, there 
are no architectural abnormalities, be- 
cause the lesion has no loss of polarity 
(i.e. no loss of order) {807}. Cytologically, 
PUNLMPs have a monotonous appear- 
ance, with cells being virtually identical 
to each other. At most, nuclei are slightly 
enlarged and more crowded relative to 
normal urothelial nuclei. Nuclear grooves 
may be seen in these tumours, but are 
not a common feature in higher-grade 
lesions. Nucleoli are either absent or in- 
conspicuous. The chromatin is uniformly 
even, without the scattered hyperchro- 
matic nuclei seen in low-grade papillary 
carcinoma. Mitoses are exceedingly rare 
and usually limited to the basal layer. 
Rare cases of inverted PUNLMP have 
been described. 


Genetic profile 
See Non-invasive papillary urothelial car- 
cinoma (p. 100). 


Prognosis and predictive factors 

Although a few studies have shown a 
low level of agreement in the histologi- 
cal distinction between PUNLMP and 
low-grade carcinoma or have failed to 
show a difference in prognosis between 
the two entities {1985,2085,3029}, many 
more studies have demonstrated that 
PUNLMP has amore favourable outcome 
than does papillary low-grade urothelial 
carcinoma. These studies have shown 
that PUNLMPs have a lower risk of re- 
currence than does low-grade urothelial 
carcinoma {65,388,697,1185,1218, 1220, 
2206,2400}. In addition, whereas a small 
percentage of non-invasive low-grade 
papillary urothelial carcinomas progress 
to either invasive carcinoma or high- 
grade non-invasive papillary carcinoma, 
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Fig. 2.31 Urothelial papilloma. The lesion has a simple 
hierarchical pattern of papillary branching with minimal 
epithelial confluence between papilla, prominent umbrella 
cells, and minimal cytological alypia. 


PUNLMPs have been found in the ma- 
jority of studies not to progress in either 
stage or grade (65,697,923, 1185,1220, 
2120,2206}. Because PUNLMPs have a 
risk of recurrence, all patients with this 
diagnosis should be followed in the same 
manner as patients diagnosed with low- 
grade urothelial carcinoma. Some in- 
vestigators have proposed that patients 
with PUNLMP may be submitted to fewer 
follow-up cystoscopies if the number of 
lesions is small and no recurrences are 
seen during the initial surveillance pe- 
riod. PUNLMP is a useful diagnostic cat- 
egory because it provides a non-cancer- 
ous diagnosis for a group of patients with 
indolent disease. It is particularly useful 
as a diagnosis for a younger patient with 
anewly diagnosed non-invasive papillary 
tumour not fulfilling the criteria for papil- 
loma because of its thicker urothelium. In 
a study of patients aged < 20 years with 
papillary urothelial neoplasia, almost half 
of the patients were diagnosed as having 
a PUNLMP, thereby avoiding a cancer 
diagnosis (874} 


Urothelial papilloma 


Definition 

Urothelial papilloma is a papillary urothe- 
lial neoplasm characterized by delicate 
fibrovascular cores lined by urothelium of 
normal appearance and thickness. 
ICD-O code 8120/0 
Epidemiology 

Urothelial papilloma (as strictly defined 
by current criteria) accounts for < 4% of 
non-invasive bladder neoplasms. It has 
been reported in a broad age range, 
but most neoplasms are seen in patients 
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< 50 years of age, including children and 
young adults {874,1844}. 


Clinical features 

The main symptom is microscopic or 
gross haematuria. Papillomas occur 
in two distinct clinical settings: as de 
novo neoplasms with no prior history of 
urothelial neoplasia or in a setting of prior 
urothelial neoplasia. The male-to-female 
ratio is 2.4:1 {1757,2954). 


Localization 
The most common location is the trigone. 


Macroscopy 

The endoscopic appearance is essen- 
tially identical to that of papillary urotheli- 
al neoplasm of low malignant potential or 
low-grade papillary urothelial carcinoma. 
Most papillomas are solitary and small, 
but tumours as large as 3 cm have been 
reported {2823}. 


Histopathology 

These neoplasms typically have a simple 
hierarchical pattern of papillary branch- 
ing with minimal epithelial confluence be- 
tween papilla. The urothelial lining is not 
thickened, and shows normal cytology 
and cellular order with a predominance 
of the urothelial cells oriented linearly, 
perpendicular to the basement mem- 
brane. An umbrella cell layer is often 
prominent and shows frequent nuclear 
multilobation, nucleomegaly, and cyto- 
plasmic vacuolization. Some examples 
show a so-called inclusion gland pattern 
or dilated lymphatic spaces within the fi- 
brovascular cores. 
Immunohistochemistry is not necessary 
for diagnosis, but CK20 staining high- 
lights the umbrella cell population and is 
negative in the remaining urothelial cells. 
Surrogate markers of proliferation, such 
as Ki-67, show extremely low proliferation 
rates (typically < 5%). 


Genetic profile 
FGFR3 mutations have been described 
in urothelial papilloma {2823}. 


Prognosis and predictive factors 

Papillomas have a reported recurrence 
rate of 8-14%, and the progression rate 
to carcinoma is < 1%, although most of 
these cases do not represent true pro- 
gression but rather are related to other 
urothelial neoplasms {1757,1844}. Re- 
currence and progression in de novo 


cases are rare. The treatment of choice 
is comolete transurethral resection 


Inverted urothelial papilloma 


Definition 

Inverted urothelial papilloma is a urotheli- 
al neoplasm with a complex, anastomos- 
ing inverted growth pattern and absent to 
minimal cytological atypia. 
ICD-O code 8121/0 
Epidemiology 

Inverted papillomas account for < 1% of 
all bladder urothelial neoplasms. Most 
patients are in their fifth or sixth decade 
of life, with a reported patient age range 
of 9-88 years {1288,2208}. Males are af- 
fected more commonly than females, with 
a male-to-female ratio of 5.8:1 {2208}. 


Clinical features 

Most patients present with haematuria. 
Less commonly, patients present with 
lower urinary tract irritative and obstruc- 
tive symptoms {2208}. Most tumours 
are solitary and < 5% are multiple. The 
tumours are typically small, with a mean 
size of 12.8 mm and a common range of 
1-50 mm {2208}, but rarely, the tumours 
can be as large as 8 cm {1205}. 


Localization 

The most common site is the bladder 
neck (41% of cases) followed by the 
trigone, lateral wall, and posterior wall 
{2208}. The neoplasms may be seen with 
lower incidence in both the upper urinary 
tract and the urethra (506,87 2}. 


Macroscopy 

The tumour is a raised, pedunculated or 
polypoid lesion with a smooth overlying 
surface. 


Histopathology 

These tumours have a trabecular growth 
pattern, sometimes with associated cys- 
tic change and vacuolization of the lumi- 
nal cells simulating florid cystitis cystica 
and cystitis glandularis. The anastomos- 
ing cords and trabeculae are of rela- 
tively uniform width, arise from the sur- 
face urothelium, and invaginate into the 
lamina propria {91,1540}. The overlying 
urothelium can be normal, attenuated, 
or hyperplastic. By definition, exophytic 
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papillary structure is absent or minimal. 
The base Of (he lesion has a smooth inter- 
lace with the subjacent stroma, 

The periphery of the cords and trabecu- 
ae is lined by darker cells, which are of- 
en palisading (basal cells). These vary 
rom 5- to 10-Call layers; thicker or more 
nodular or solid areas without cytelogical 
atypia denote inverted papillary urothe- 
ial neoplasm of low malignant potential 
or urothelial carcinoma with an inverted 
pattern of growth. The central portion 
is composed of bland spindle-shaped 
cells that tend to be parallel to the cords 
(streaming) {91}. Colloid cysts (flat 
urothėllum-lined spaces with eosinophilic 
material) are sometimes seen within the 
central portion of the cords and trabec- 
ulae. Many of these cystic spaces are 
lined by tall, columnar mucin-secreting 
cells {873}. Squamous and true glandular 
differentiation may also be observed. The 
intervening stroma is minimal and com- 
monly fibrotic, with minimal inflammation. 
The neoplastic cells in inverted papilloma 
show no or minimal cytological atypia, 
but degenerative atypia may occasional- 
iy be observed {354}. Rare mitotic figures 
may be present in the periphery of the 


trabeculae or cords. The presence of nu- 
clear atypia such as irregular chromatin 
distribution, enlarged irregular nucleoli, 
expansile growth, and increased mitoses 
denotes inverted urothelial carcinoma. 
Exceptionally, rare Paneth-like neuroen- 
docrine differentiation is observed {2638}. 


Genetic profile 

Some studies report FGFR3 mutations 
in 9.8-45% (a mean of 18%) of inverted 
papillomas {772,1729}, but others have 
found no mutations. Similarly, some tu- 
mours have been reported to harbour 9p 
deletions (in 3.9% of cases), 9q deletions 
(in 13.2%), and 17p deletions (in 5.1%) 
{772}. Recurrent HRAS mutations (Q61R) 
were reported (in 60% of cases) in one 
study {1835}. The variability in these 
reported results could be due to case 
selection. 


Prognosis and predictive factors 
Inverted papilloma is a benign neoplasm 
with a low recurrence rate, of < 2% 
{2208}. 
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could represent the edge (a shoulder lesion) of a papillary carcinoma, B Thickened bland urothelium with congested 
capillaries at the base of the folds, C Flat urothelium with an overt increase in cell layers. 


Vw, ee 


Urothelial proliferation of 
uncertain malignant potential 


Definition 

Urothelial proliferation of uncertain ma- 
lignant potential is a marked thicken- 
Ing of the urothelium with no or minimal 


cytological atypia and no true papillar 
formation. Ree 


Synonyms 


Papillary and flat urothelial hyperplasia 
(not recommended) 


Clinical features 

This lesion is lounc most carmrnonly on 
routine follow-up cystoscopy in patients 
with a history of papillary urothelial neo- 
plasms, and less commonly during work- 
up for microhaematuria or urinary ob- 
structive symptoms. 


Localization 
There is no reported site preference with- 
in the urinary bladder. 


Macroscopy 

This lesion is typically focal and elevated, 
and may be described as bleb-like, pap- 
illary, raised, sessile, frondular, or irregu- 
lar on cystoscopic examination (2288, 
2690}. Flat lesions show no gross visible 
abnormality. 


Histopathology 

Thickened urothelium is arranged into 
narrow undulating mucosal folds of vari- 
ous heights. The mucosal folds may also 
be tent-shaped or broader. In contrast to 
papillary neoplasms, these lesions lack 
the well-formed papillary fronds with fi- 
brovascular cores that are diagnostic of 
a papillary urothelial neoplasm. Cytologi- 
cal atypia is minimal. In completely flat 
lesions, the urothelium is markedly thick- 
ened (usually with > 10 layers; counting 
cell layers is not recommended) and/ 
or has increased cell density with only 
minimal cytological atypia. These le- 
sions may be seen in isolation (usually 
in patients with a prior history of papil- 
lary urothelial carcinoma) or adjacent to 
low-grade papillary urothelial neoplasms. 
Some may represent the “shoulder” (lat- 
eral extension) of a papillary neoplasm. 


Genetic profile 

Chromosome 9 deletions are common 
(seen in 37-70% of cases) when there are 
coexisting low-grade papillary tumours 
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{1131,2054,2819}. FGFR3 mutations and 
FGFR3 amplification are also observed in 
a small proportion of lesions {2819}. 


Prognosis and predictive factors 

Two thirds of patients have a history of 
prior, concurrent, or subsequent urothe- 
lial neoplasia {2288}. The urothelial prolif- 
eration is believed to be a clonal process 
and may be a very early manifestation of 
low-grade papillary urothelial neoplasia 
{517,2690}. The 5-year actuarial risk of 
subsequently developing urothelial neo- 
plasia is almost 40%. In the setting of a 
prior urothelial neoplasm, this lesion is 
most likely an early manifestation of pap- 
illary urothelial neoplasia, and some pa- 
thologists may diagnose them as such. 
The lesions described in this section 
have also been reported in a de novo 
setting (without prior history of urothe- 
lial neoplasia) {2054}. In this setting, the 
Clinical significance of this finding is un- 
known. Therefore, a comment should be 
made suggesting clinical follow-up. 


Urothelial dysplasia 


Definition 

Urothelial dysplasia has appreciable cy- 
tological and architectural features that 
are believed to be preneoplastic but 
fall short of the diagnostic threshold for 
urothelial carcinoma in situ (CIS) {807}. 


Synonym 
Low-grade intraurothelial neoplasia 
(obsolete) 


Epidemiology 

Urothelial dysplasia is not well studied 
because it is rarely described de novo, is 
not typically recorded, and is not distin- 
guished from CIS in many large cancer 
registries. 


Etiology 

It is generally assumed that dysplasia 
has the same predisposing factors as 
urothelial CIS. 


Clinical features 

Urothelial dysplasia is often clinically si- 
lent. Patients most commonly present 
with symptoms related to an associated 
papillary or invasive carcinoma. In the 
rare cases of de novo dysplasia, the le- 
sion may be discovered incidentally 
or patients may present with irritative 
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Fig. 2.33 A Uroth 


elial dysplasia. This degree of urothelial disorder and mild nuclear atypia (in the absenc 
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inflammation) falls short of the diagnostic threshold for carcinoma in situ and might be classified as either urothelial 
dysplasia or urothelial atypia suspicious for dysplasia. B Reactive urothelial atypia. In reactive atypia from a patient 
with an indwelling catheter, there is uniform nuclear enlargement, with evenly distributed fine nuclear chromatin, smooth 
nuclear contour, and numerous prominent pinpoint nucleoli; an associated mixed acute and chronic inflammatory 


infiltrate is commonly seen. 


voiding symptoms or haematuria {479, 
480}. 


Macroscopy 
Dysplasia is usually cystoscopically nor- 
mal, but erythema may be present. 


Histopathology 

Urothelial dysplasia is the most difficult 
category to define, due to significant in- 
terobserver variability {1982}. Large clini- 
cal series documenting its close correla- 
tion with the subsequent development of 
urothelial CIS are lacking. Morphologi- 
Cally, it must be distinguished from nor- 
mal urothelium, urothelium with reactive 
atypia, and urothelium with atypia of un- 
known significance. 

Normal urothelium has no significant cy- 
tological atypia and generally contains 
three to six layers of stratified urothelial 
cells composed of basal, intermediate, 
and superficial (umbrella) cells. The in- 
termediate cells typically maintain a po- 
larity, with an upward linear alignment 
that is perpendicular to the basement 
membrane; however, some mild degree 
of cellular crowding and overlap is in- 
variably present, depending on section 
thickness and orientation. Umbrella cells 
are often arranged across the surface of 
the urothelium, with more cytoplasmic 
eosinophilia and vacuolization, and fre- 
quent nuclear multilobation {93,807}. 

In reactive urothelial atypia, there is uni- 
form nuclear enlargement, with evenly 
distributed fine nuclear chromatin, rela- 
tively smooth nuclear contours, and nu- 
merous prominent pinpoint nucleoli. An 
associated mixed acute and chronic 
inflammatory infiltrate is common, which 
often has an intraurothelial component. 
Mitotic activity may be brisk and may 


extend into the upper urothelium. A his- 
tory of bladder infection, indwelling 
catheter, calculus, or prior intravesical 
therapy is common, and atypia is often 
more pronounced with etiologies related 
to physical contact trauma {480,807}. 
When the urothelium is inflamed but the 
cytological changes are beyond conven- 
tional reactive atypia, such that early flat 
urothelial neoplasia (i.e. urothelial dys- 
plasia) cannot be excluded with certain- 
ty, the descriptive diagnosis of urothelial 
atypia of unknown significance may be 
applied {480,807}. 

Lesions classified as dysplasia have loss 
of the perpendicular arrangement of the 
urothelial cells, with a minimal degree of 
nuclear enlargement or irregularity, usu- 
ally in the absence of inflammation {479, 
480,807). Some urological pathologists 
categorize such cases together with 
the category of “atypia of unknown sig- 
nificance" or “urothelial atypia, cannot 
exclude dysplasia", due to their similar 
clinical management strategies and the 
known reproducibility problems with de- 
finitively diagnosing flat neoplasias that 
fall short of the threshold for CIS. The 
presence of nuclear pleomorphism, nu- 
clear size > 5-6 lymphocytes, and brisk 
mitotic activity favour CIS over dysplasia. 
Compared with non-neoplastic urothe- 
lium, urothelial dysplasia is reportedly 
more likely to have cytoplasmic immu- 
noreactivity for CK20, and the Ki-67 pro- 
liferation index in urothelial dysplasia is 
typically > 50%, versus < 10% in non- 
neoplastic urothelium. In addition, nu- 
clear p53 expression is reportedly more 
common in urothelial dysplasia. Never- 
theless, consensus groups have recom- 
mended that morphology remain the gold 
standard for diagnosis {85,92}, because 


these studies simply compare the immu- 
nophenotypes of difficult-to-classify flat 
urothelial atypias with frank urothelial CIS 
{1537,1772,1982,2641). 


Genetic profile 

It is difficult to confidently address the 
genetics of dysplasia, given the vari- 
ability between studies in the threshold 
applied for diagnosis, but alterations in 
chromosome 9 and 7P53 have been re- 
ported {1132}. 


Prognosis and predictive factors 

The prognostic impact of urothelial dys- 
plasia is difficult to determine. The pub- 
lished progression rate of de novo dys- 
plasia by the current definition depends 
on the threshold used for diagnosis, but 
reported rates range from 15% to 19% 
{479,480}. Older studies likely include 
cases that would currently be regarded 
as urothelial CIS. Dysplasia is often di- 
agnosed in association with invasive 
urothelial carcinoma, but the invasive 


component determines outeome Stud- 
ies have assassed the ulilily Of bath im 
munophenoiypi¢ and FISH findings in 
the distinction of lesions diagnosed as 
dysplasia ane non-neoplastic urothelium 
bul lo date, none of these fir dings bave 
demonstraleal independent significance 
in the prediction of progression, and 
(therefore have unknown clinical value 
11537,1772,1982,2456 2641). 
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Squamous cell neoplasms 


pure squamous cell carcinoma 


afinition 
pure Squamous cell carcinoma (SCC) ol 
pe urinary bladder is a carcinoma de- 
ved Irom the urothelium with a histologi- 
cally pure squamous cell phenotype. 
\cD-O code 8070/3 
Epidemiology 
urothelial carcinoma is by far the most 
common histological type of cancer in 
the Urinary bladder, accounting for more 
than 90% of all bladder cancers in indus- 
trialized countries {323,431,2150,2515}. 
scC is much less common, accounting 
for < 3% of bladder tumours {323,2341, 
975}. Worldwide, it constitutes about 
4.3% of bladder tumours in males and 
3.4% in females {2150}. However, in 
some western African countries (Mali and 
the Niger), east and south-eastern Afri- 
can countries (Zimbabwe, Malawi, and 
the United Republic of Tanzania), and 
egypt. SCC predominates. In the USA, 
he incidence of SCC appears to be de- 
creasing {3075}. Similarly, in Egypt, the 
revalence of schistosomiasis-associat- 
ed bladder cancer has changed {2393}. 
in south Africa, marked differences in the 
revalence of histological types of blad- 
der tumour have been observed between 
jacks (36% SCC, 41% urothelial) and 
whites (2% SCC, 94% urothelial) {2151}, 
gimilar findings of histological differ- 
ences between Blacks and Whites have 
peen reported in other clinical series 
4054]. The differences in sex ratio, mean 
ge at diagnosis, and stage are largely 
related to the prevalence of infection with 
Schistosoma haematobium {25 15,3043}. 


Etiology 


smoking 

As with Conventional urothelial carcino- 
ma, tobacco smoking has been estab- 
lished as an important risk factor for and 
inked to the development of SCC of the 
pladder. The risk increases with longer 


408 Tumours of the urinary tract 


EEE 


smoking duration and higher smoking in- 
tensity {912,3043}. 


Occupational and environmental factors 
Various occupational and environmental 
exposures to chemicals have been asso- 
ciated with risk of SCC development, but 
the effect of these exposures has not yet 
been quantified 


/nfection 

Schistosomiasis is a major risk factor for 
SCC of the bladder in the aforementioned 
countries where SCC is the predominant 
tumour type. The schistosome related to 
bladder cancer is Schistosoma haema- 
tobium, which resides in the pelvic and 
mesenteric venous plexus. The deposi- 
tion of schistosome eggs in the lamina 
propria and muscularis propria of the 
bladder provokes a severe granuloma- 
tous/inflammatory response, causing 
squamous metaplasia and carcinoma 
{779,2271}. 

Chronic bacterial infections have also 
been implicated as an important risk fac- 
tor for bladder SCC {15,16,547}. The role 
of viruses such as HPV, herpes simplex 
virus, and BK virus in the development of 
bladder SCC has not been firmly estab- 
lished (879,1992,2682}. 


Associated conditions 

Leukoplakia and keratinizing squamous 
metaplasia due to schistosomal or other 
infections; chronic irritation from urinary 
calculi, urinary retention, or indwelling 
catheters {23,1419}; and bladder ex- 
strophy {2317} have been associated 
with the development of bladder SCC. 
Certain medications or forms of treatment 
have also been implicated in increasing 
the risk of bladder SCC (2604,3048). 


Pathogenesis 

The discovery of an association of car- 
cinoma with schistosomiasis was based 
on the common association of tumours 
with the presence of parasitic eggs and 
egg-induced granulomatous inflam- 
mation involving bladder tissues (320, 
320,778}. Evidence supporting the 
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importance of this association includes 
(1) the increased proliferative activity and 
decreased apoptotic ability of epithelial 
cells following exposure to schistosomal 
antigen extract {320}, (2) the relationship 
between disease progression and schis- 
tosomal antigen expression in tumour 
tissue {2973}, and (3) the decline in the 
number of SCC cases following schis- 
tosomiasis-eradication campaigns {779, 
1032,2393}. 

The underlying mechanisms of carcino- 
genesis of schistosomiasis-associated 
SCC include chronic irritation and inflam- 
mation due to ova {320,2990}, secondary 
bacterial infection {2510,2515}, high lev- 
els of B-glucuronidase {2687}, and nutri- 
tional factors {71,269, 1447}. 


Clinical features. 

SCC, whether related to schistosomiasis 
or not, has been reported to have dis- 
tinctive clinicopathological features. The 
most common presenting symptoms are 
haematuria, dysuria, flank or suprapubic 
pain, urgency and frequent urination, 
urinary obstruction, and recurrent uri- 
nary tract infection. On cystoscopy and 
imaging studies, these tumours typically 
demonstrate nodular, sessile, or (less 
commonly) papillary growths {1966, 
2980}. Most of these tumours present at 
advanced stages, with bladder muscle 
invasion {771,785,1082, 1568}. Extravesi- 
cal tumour spread occurs mostly via the 
regional pelvic lymph nodes, but visceral 
metastasis may also occur. The proto- 
col for staging bladder SCC is the same 
as that for staging urothelial carcinoma 
{759}. 


Localization 
Sites of predilection include the lateral 
bladder walls, dome, and trigone {1328, 
1568,2486}. 


Macroscopy 

Most bladder SCCs are bulky, polypoid, 
solid necrotic masses, often filling the 
bladder lumen {1082,1568,2424}, al- 
though some are flat with irregular bor- 
ders or ulcerated and infiltrating {1328}. 


, i “ Qi b- à | 
Fig. 2.34 Squamous cell carcinoma. Cystectomy 
specimen of alarge nodular neoplasm. 


Necrotic material and keratin debris on 
the surface are relatively characteristic 


findings 


Histopathology ; 

The diagnosis of bladder SCC is re- 
served for tumours with purely squamous 
elements, characterized by the presence 
of keratin pearls and intercellular bridges 
| 1082, 1568,2424), If urothelial carcinoma 
in situ or any conventional urothelial car- 
cinoma component is identified, the tu- 
mour should be classified as urothelial 
carcinoma with squamous differentiation. 
The presence of keratinizing squamous 
metaplasia in the adjacent flat epitheli- 
um, particularly if associated with dyspla- 
sia, supports a diagnosis of SCC. Squa- 
mous metaplasia is identifiable in the 
adjacent epithelium in 17-62% of cases 
from Europe and North America {1568, 
2424). Most bladder SCCs are moder- 
ately or poorly differentiated {1082, 1568}. 
Well-differentiated SCC is composed of 
nests or islands of squamous cells with 
keratinization, prominent intercellular 
bridges, and minimal nuclear pleomor- 
phism. Poorly differentiated SCC is char- 
acterized by tumour cells with a high 


ke 


r SE ez ra 2a = =a v 
Fig. 2.36 A Squamous cell carcinoma. Invasi 


er i ‘a Lory A 
Epi: YE gi 
Feed OS eT AN 
Weslo Ny 


Fi ‘ 
af f) PR sk 
Os) iia 


Y Sa ~ a Fe Es " 
zd aapa hig $ 
S R | ae , 
a Si fs Z 
Ie — sa = PSRS SE 


Fig. 2.35 A Invasive squamous cell carcinoma. Invasive well-differentiated squamous cell carcinoma with calcified 


Schistosoma haematobium eggs. B Squamous cell carcinoma. Invasive poorly differentiated squamous cell carcinoma 


invading into muscularis propria. 


nuclear-to-cytoplasmic ratio, marked 
nuclear pleomorphism, higher mitotic ac- 
tivity, and focal squamous differentiation. 
A basaloid type of SCC has also been 
reported (2792], rare examples of which 
have been seen in patients undergoing 
chronic catheterization and related to 
HPV {286}. The immunoprofile of bladder 
SCC has been described in a few stud- 
ies, but in general has a very limited role 
in diagnosis {92,1244,2127}. However, a 
few markers (e.g. desmoglein 3, CK14, 
and MAC387) have been shown to be re- 
liable diagnostic markers for supporting 
the morphological impression of squa- 
mous differentiation {92,1244}. 


Genetic profile 

Most reported studies on the genetic 
aberrations in SCC of the bladder have 
focused on schistosomiasis-associated 
tumours, and showed gains in chromo- 
somes 5p, 6p, 7p, 8q, 11q, 17q, and 
20q and deletions in 3p, 4q, 5q, 8p, 
13q, 17p, and: 18q {70,782,1019,1990}. 
Several chromosomal aberrations iden- 
tified in urothelial carcinoma have also 
been found in SCC, including mono- 
somy 9, trisomy 7, and rearrangements 


2% 


ROPE: Ph) Ost SE. 


@ patient who underwent chronic self-catheterization; the lesion was proven to be HPV-related. 


ef chromosomes 3, 8, 10, 13, and 17 
{833}. Frequent losses of 17p and 18p 
were found to be more commonly asso- 
cialed with schistosemiasis-associatec! 
than non-schistosomiasis-associated 
SCC {1990}. Like in urothelial carcinoma, 
deletions in 9p and loss of the CDKN2 
tumour Suppressor gene were common- 
ly present in bladder SCC {1019}. The 
prevalence of TP53 mutations in SCC 
was similar to that reported in invasive 
urothelial carcinomas, but the types of 
mutations were different {1019,2925}. 
In gene profiling’ studies, many genes 
were found to be dysregulated in primary 
bladder SCC; some of these were simi- 
larly dysregulated in urothelial carcinoma 
and others were similarly dysregulated in 
SCC of other organs {1118}. The role of 
HPV in the development of urothelial car- 
cinoma and SCC of the bladder has been 
extensively studied, with most evidence 
suggesting no or a very limited role, with 
the possible exception of patients un- 
dergoing chronic catheterization as in 
the case of neurogenic bladder or prior 
genital HPV infection, in which HPV was 
detected in SCC with basaloid features 
{286,2455A, 2725}. 


m 


v si P", o atas u CEI m Afo J = Drian, 
ve well-differentiated keratinizing squamous cell carcinoma with an in situ component. B Basaloid squamous cell carcinoma arising in 


Squamous cell neoplasms 109 


Dr 


Prognosis and predictive factors 


Clinical criteria 

Patient-related factors, such as sex 
and age, are not prognostic in SCC of 
the bladder {791}. In contrast, tumour T 
stage, lymph node involvement, and tu- 
mour grade have been shown to be of in- 
dependent prognostic value {771,2254, 
2485}. In general, it appears that the 
prognosis of schistosomiasis-associated 
SCC is better than that of non-schistoso- 
miasis-associated SCC {2515}. Patients 
who undergo radical surgery appear to 
have improved survival compared with 
those who receive radiation therapy and/ 
or chemotherapy, and neoadjuvant ra- 
diation improves the outcome in locally 
advanced tumours {771,970}. 


Morphological factors 

Pathological stage is the most impor- 
tant prognostic parameter for SCC {791, 
2458,2515}. Tumours are staged using 
the TNM staging system as for urothelial 
carcinoma {759}. In a series of 154 pa- 
tients, the 5-year survival rates were 67% 
and 19% for patients with organ-confined 
(pT 1/2) and non—organ-confined tumours 
(pT3/4), respectively {791}. The status of 
soft tissue resection margin was found to 
have a significant impact on cancer-spe- 
cific survival in patients treated by radical 
cystectomy {771}. There are no uniformly 
accepted criteria for grading SCC. Typi- 
cally, SCC of the bladder is graded ac- 
cording to the amount of keratinization 
and the degree of nuclear pleomorphism 
(845,1328]. Most studies have demon- 
strated grading as a Clinically signifi- 
cant morphological parameter {791,845, 
1328}. However, this has not been a uni- 
form finding {2381}. 


Verrucous carcinoma 


Definition 

Verrucous carcinoma is an exophytic 
squamous malignant neoplasm with mul- 
tiple filiform projections lined by thick 
folds of well-differentiated squamous 
epithelium, with a pushing rather than in- 
filtrative margin. 
ICD-O code 8051/3 
Etiology 

Verrucous carcinoma is a rare variant 
of squamous cell carcinoma occurring 
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almost exclusively in patients with schis- 
tosomal infection and accounting for 
3-4.6% of bladder cancers in that set- 
ting {779,784}. However, cases of blad- 
der verrucous Carcinoma have also been 
described from non-endemic areas of 
schistosomal infection {790,888,1231, 
1759}. There are reports of verrucous 
carcinoma developing in patients with 
long-standing anogenital and bladder 
condyloma acuminatum, suggesting a 
possible link to HPV infection (206,2899}. 


Histopathology 

Histologically, these tumours are simi- 
lar to those in other organs. They are 
exophytic, papillary proliferations with 
epithelial acanthosis and hyperkeratosis, 
minimal nuclear and architectural atypia, 
and rounded, pushing borders, with no 
jagged, irregularly invasive nests {1759}. 
The diagnosis of verrucous carcinoma 
requires examination of the entire lesion 
to rule out the presence of conventional 
invasive squamous cell carcinoma. 


Prognosis and predictive factors 
Verrucous carcinoma has an excellent 
prognosis, with minimal risk of progres- 
sion regardless of its association with 
schistosomiasis {779,790}; there are rare 
reports of local invasion and metastasis 
{1759}. 


Squamous cell papilloma 


Definition 

Squamous cell papilloma is a benign epi- 
thelial tumour arising from the urothelial 
lining in the form of a surface excrescence 


Fig. 2.37 Verrucous carcinoma. Prominent verrucous features in a tumour arising in the urinary bladder. 


with a connective tissue core covered by 
benign keratinizing squamous cells. 
ICD-O code 8052/0 
Synonym 

Keratotic papilloma 


Epidemiology ` 

Squamous cell papilloma of the urinary 
bladder is a very rare benign neoplasm. 
It occurs primarily in elderly patients, with 
a mean patient age of 65 years. The fe- 
male-to-male ratio is 1.5:1 {1051}. 


Clinical features 

Squamous cell papilloma is often asymp- 
tomatic, but patients may present with 
haematuria {1051,1899}. Cystoscopi- 
cally, the tumour may appear as areas 
of erythema, plaque-like lesions, or pap- 
illary excrescences. The risk factors are 
similar to those for urothelial neoplasms 
{486,1718}. Squamous cell papilloma is 
not associated with HPV infection (486, 
1081}. 


Histopathology 
Histologically, squamous cell papilloma 
is exophytic, with a papillary structure 
covered by benign keratinizing squa- 
mous epithelium. 


Glandular neoplasms 


Adenocarcinoma 


Definition . 
Adenocarcinoma 'S 4 malignan! neo- 
plasm derived from the urothelium with a 


histologically pure glandular phenotype. 


ICD-O codes 

Adenocarcinoma, NOS 8140/3 
Enteric 8144/3 
Mucinous 8480/3 
Mixed 8140/3 

Epidemiology 


Primary adenocarcinoma of the urinary 
bladder is uncommon, accounting for 
ony 05-2% of all malignant tumours 
|2228). It affects adults, with a peak in- 
cidence in the sixth decade of life, and 
i5 inore common in men, with a male-to- 
female ratio of 2.7;1 {1050,2228}. 


Etiology 

long-standing intestinal metaplasia, par- 
ticularly in patients with urinary bladder 
exstrophy, is associated with this tumour 
{798}, Other etiological mechanisms in- 
clude sources of chronic irritation and 
obstruction, such as non-functioning 
bladde: and schistosomiasis {3051}. Pel- 
vic lipomatosis is also considered a risk 
factor {1026}. 


Clinical features 

| laematuria is the most common symp- 
tom, and may be associated with irritative 
/oiding symptoms. Mucusuria occurs in 
some patients. 


Localization 
[hese neoplasms occur primarily in the 


urinary bladder but can also arise else- 
where in the urinary tract. 


Macroscopy 

Vi gross appearance is not different 
fom that of other urothelial malignancies, 
SAER lor a mucoid appearance on cut 
Surface in some adenocarcinomas. 


Histopathology 


Enteric adenocarcinoma 

The enteric type of adenocarcinoma 
is identical to its gastrointestinal coun- 
terpart {1050}. The glands are lined by 
pseudostratified mucin-secreting epi- 
thelium with various degrees of pleomor- 
phism and with central necrosis. 


Mucinous adenocarcinoma 

In mucinous adenocarcinomas, the tu- 
mour cells form nests floating in abun- 
dant extravasated mucin. In some, the 
mucin contains single cells with signet 
ring morphology. 
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Fig. 2.38 A Primary adenocarcinoma with features resem 
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Mixed adenocarcinoma 

Tumours with mixtures of the enteric and 
mucinous patterns are the most common 
histology of adenocarcinoma {1050}. In 
other cases, the glands do not resemble 
a specific type; these are classified as 
NOS. 


/mmunophenotyoe 

The immunohistochemical profile over- 
laps with that of gastrointestinal ad- 
enocarcinoma. The tumours express 
CDX2 and CK20. Nuclear expression of 
B-catenin favours colonic origin but can 
rarely be seen in primary vesical tumours 
{92,2708,2903}. Clinical correlation is 
necessary for a definitive diagnosis of 
primary adenocarcinoma. 


X 


son 
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bling those of enteric type adenocarcinoma. B Primary 


mucinous adenocarcinoma. C Primary mucinous adenocarcinoma with signet ring cells floating in pools of mucin. 
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Genetic profile 

There are limited data on the genetics of 
these tumours. KRAS mutations are de- 
scribed in a subset arising in the urinary 
bladder and urachus {48,2534}. Micro- 
satellite instability has also been reported 
in urachal adenocarcinoma {2534}. 


Prognosis and predictive factors 
Overall prognosis for primary adenocar- 
cinoma of the urinary tract has been poor. 
Generally, 5-year survival has been in the 
40-50% range {780,3051}. Prognosis is 
best predicted by pathological stage us- 
ing the TNM staging system for specific 
sites of origin {759}. Tumours composed 
of signet ring cells devoid of extracellu- 
lar mucin have a worse prognosis than 
do other histological types, but these are 
currently classified as plasmacytoid car- 
cinoma, which is invariably the predomi- 
nant cell type. 


Villous adenoma 
Definition 


Villous adenoma is a rare benign neo- 
plasm of the urinary tract and urachus, 


histologically identical to its colonic 
counterpart {488,756,2466}. 

ICD-O code 8261/0 
Epidemiology 


These tumours occur in adults, with a 
mean patient age of 65 years (range: 23- 
93 years) and no sex predilection. There 
are no predisposing factors {488,2466}. 


Clinical features 

Patients present with haematuria and/or 
irritative symptoms {756,2466}. Mucusu- 
ria is rare. 
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Fig. 2.39 Villous adenoma of the urinary bladder. With elongated villous structures covered by a pseudostratified 
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epithelium with nuclear enlargement, crowding, and hyperchromasia. 


Localization 

The tumours occur primarily in the urinary 
bladder and urachus but can also arise 
elsewhere in the urinary tract (14,1374). 


Macroscopy 

Villous adenoma is a papillary neoplasm 
that may be cystoscopically indistin- 
guishable from a papillary urothelial 
neoplasm. 


Histopathology 

The tumour has elongated villi lined by 
intestinal-type epithelia. Most tumours 
exhibit low-grade dysplasia, but high- 
grade dysplasia and even adenocarci- 
noma in situ can occur. As many as 35% 
of these tumours contain invasive adeno- 
carcinoma {488]. Cases lacking villous 
architecture similar to tubular and tubu- 
lovillous adenoma also occur {1374}. The 


tumours are often associated with intes- 
tinal or squamous metaplasia and cys- 
titis glandularis in the adjacent urothe- 
lium. The tumours are immunoreactive 
for CK7, CK20, and CDX2 and negative 
for GATA3, prostate-specific antigen, 
and prostate-specific acid phosphatase. 
Aberrant expression of the prostate anti- 
gens (P501S and prostate-specific mem- 
brane antigen) can occur {1581}. 


Prognosis and predictive factors 

Pure villous adenoma is benign and 
does not recur or progress after exci- 
sion. Tumours should be examined 
in their entirety to exclude associated 
adenocarcinoma. 


Urachal carcinoma 


Definition 

Urachal carcinomas are malignant epi- 
thelial neoplasms arising from urachal 
remnants. Most urachal carcinomas are 
adenocarcinomas. 
ICD-O code 8010/3 
Epidemiology 

Urachal carcinoma is rare. Most cases 
occur in the fifth or sixth decade of life. 
Urachal adenocarcinoma of the bladder 
is less common than non-urachal adeno- 
carcinoma, and predominates in men, 
with a male-to-female ratio of 2:1 to 3:1. 


Etiology 

Although the etiology is unknown, intesti- 
nal metaplasia of the urachal epithelium 
is believed to be the predisposing factor 
for adenocarcinoma {225). 


Clinical features 

Haematuria is the most common symp- 
tom, followed by pain, irritative symp- 
toms, umbilical discharge, and suprapu- 
bic mass, Mucusuria occurs in about 
25% of cases. Patient age at diagnosis 
typically ranges from 40 to 69 years, but 
urachal carcinoma may also be seen at 
younger ages. Rare cases may present 
as a calcified tumour on imaging {1715}. 
Urachal carcinoma commonly spreads to 
tissues of the pelvis and urinary bladder. 
Late metastasis may be seen in lymph 
nodes, lung, peritoneum, omentum, mes- 
entery, liver, bone, and small intestine. 


Localization 

Urachal carcinoma may present in the 
bladder dome or the anterior wall, and 
may extend to the umbilicus. These neo- 
plasms are often associated with urachal 
remnants that are lined by urothelium or 
intestinal, Squamous, or mixed epithe- 
lium, or that contain no epithelial lining. 


Macroscopy 

Urachal carcinomas are located in the 
dome and/or anterior wall and predomi- 
nantly invade the muscularis propria or 
deeper tissues, including the retropubic 
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Table 2.03 Criteria for diagnosis of urachal adenocarcinoma; adapted from eR et al. {1025} 


1. Location of the tumour in the bladder dome and/or anterior wall®@ = 


2. Epicentre of carcinoma in the bladder wall 


=e 


3. Absence of widespread cystitis cystica and/or cystitis glandularis beyond the dome or anterior wall 


4, Absence of a known primary elsewhere 


“The presence of urachal remnant i in association with the tum 
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‘does notprectude a urachal origin. = 


our is supportive of | OET but its absence 
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space. They are typically firm, whitish- 
grey infiltrative masses, but can also be 
discrete, cystic, or cavitary tumours. Tu- 
mours that contain abundant mucin have 
a glistening, light-tan appearance {90}. 
Associated urachal remnants or cysts 
may be present {1961 ,2506} 


Histopathology 

The various types of urachal epithe- 
lial neoplasms are shown in Table 2.04 
(p. 114). The most common are non-cys- 
tic adenocarcinomas (accounting for 
83% of cases) {1025,2506,2986}, fol- 
lowed by cystic tumours (17% of cases) 
{90}. Non-cystic urachal adenocarcino- 
mas resemble the primary urinary blad- 
der adenocarcinomas and exhibit a simi- 
lar histological spectrum {90,1050,2131}. 
The enteric type is morphologically indis- 
tinguishable from colorectal adenocarci- 
noma. The mucinous (colloid) type con- 
sists of cells with intracellular mucin and 
often contains pools of extracellular mu- 
cin with floating mucinous cells and oc- 
casional signet ring cells. The signet ring 
cell type consists of infiltrative cells with 
intracellular mucin-filled vacuoles that 
can permeate diffusely. These tumours 
are now classified as plasmacytoid 


carcinomas. Extracellular mucin can also 
be focally abundant in the enteric type 
For confirmation of the urachus as the 
primary tumour location, these adenocar- 
cinomas must meet strict criteria {1025}. 
Mucinous cystadenocarcinoma has a 
prominent cystic component. The mor- 
phological spectrum spans mucinous 
cystadenoma and mucinous cystic tu- 
mour of low malignant potential, similar to 
ovarian mucinous tumours {90}. Intraepi- 
thelial carcinoma (carcinoma in situ) can 
occur and is characterized by severe 
atypia, abundant mitosis, and complex 
architecture. A microscopic or frank inva- 
sive component may be present. 

The non-glandular carcinomas are rare 
and can be pure or mixed {147,968,2128, 
2506}. Conventional urothelial, squa- 
mous, and neuroendocrine carcinomas 
are morphologically and immunophe- 
notypically similar to their non-urachal 
counterparts; about 20% occur purely 
extravesically along the medial umbilical 
ligament {518, 1981,2128,2374]. Urothe- 
lial carcinoma can have papillary or in 
situ carcinoma components within the 
urachal lumina/remnant and can occur 
concomitantly with urothelial neoplasms 
elsewhere in the genitourinary tract. 


Fig. 2.40  Urachal adenocarcinoma. The gross 
appearance of a partial cystectomy specimen. 


Fig. 2.41 Urachal adenocarcinoma. A low-power view of 
the same tumour. 
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Fig. 2.42 A Mucinous (colloid) adenocarcinoma. B Urachal mucinous cystic tumour of low malignant potential. Associated urachal rennet can n also be seen (right) (0 Frankly 
invasive urachal mucinous cystadenocarcinoma. 


Variant urothelial carcinoma morpholo- 
gies can also occur {1025,2128}. 
Urachal carcinomas may ulcerate into the 
bladder mucosa, a feature that should 
not negate the diagnosis of a urachal pri- 
mary. Necrosis and dystrophic calcifica- 
tions are common {1715}. 
Immunohistochemically, urachal ad- 
enocarcinornas express CDX2, CK20, 
Reg IV, and 34BE12 {1025,2131). About 
half are positive for CK7 and claudin 
18. Nuclear B-catenin is almost always 


Table 2.04 Epithelial neoplasms of the urachus; modified 
from Amin et al. {90} 


| 


Enteric (intestinal) adenocarcinoma 


Signet ring cell adenocarcinoma 


Mixed adenocarcinoma 


 Mucinous cystic tumour of low 
malignant potential? 


Squamous cell neoplasms 


on, modified from Amin 
| lined by single layer of 
with no atypia; “Epithelial 
S range from low-grade cytological 
| atypia to intraepithelial carcinoma; ‘May present with 
microinvasion (< 2 mm and constituting < 5% of the 
tumour) or as a frankly invasive neoplasm; Specify 
types and relative percentage of each component. 
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negative and, if present, does not exhibit 
diffuse staining. The various adenocar- 
cinoma morphologies appear to have 
similar immunophenotypic and mRNA 
expression profiles (273,2131}. 


Genetic profile 

Microsatellite instability and mutations of 
KRAS at codon 12 have each been re- 
ported in about 40% of cases of urachal 
adenocarcinoma. Microsatellite instabili- 
ty and KRAS mutations have been shown 
to be mutually exclusive {2534}. Patients 
with KRAS mutations typically have 
markedly better overall survival despite 
advanced stage {2534}. KRAS mutation 
appears to be more frequent in the mu- 
cinous type and in younger patients {48, 
1261}. No BRAF (codon 600) mutations, 
EGFR mutations, or ALK rearrangements 
have been reported {48}. 


Prognosis and predictive factors 

The issue of whether urachal adenocar- 
cinoma is associated with better survival 
than non-urachal adenocarcinoma is 
still controversial (1050,1961,2986}. The 
5- and 10-year cancer-specific survival 
rates for urachal carcinoma patients are 
40-64% and 31-49%, respectively. Tu- 
mour staging (regardless of the staging 
system used) is an important indepen- 
dent prognostic factor for survival. The 
most widely used staging system is 
the Sheldon system (Table 2.05) {360, 
1025, 1436, 1927,2004,2218,2506}. Tu- 
mours confined to urachal tissue and 


Table 2.05 The Sheldon staging system for urachal 
carcinoma; from Sheldon et al. {2506} 


the bladder wall have better outcomes. 
Complete resection is also a significant 
independent prognostic factor {147,360, 


1183}. Histological grade {147,2004, 
2218}, lymph node involvement, and 
distant metastasis {360} are also prog- 
nostic factors. Mucinous cystic tumours 
with minimal or no stromal invasion have 
an excellent prognosis, unlike the non- 
cystic adenocarcinomas {90}; however, 
mucinous tumours may (rarely) give rise 
to pseudomyxoma peritonei {1810,2514, 
2609}. The prognostic value of histo- 
logical type (glandular or non-glandular) 
is unknown because data are limited 
{2128}. Tumour proliferation rate has not 
been shown to be prognostic {2004}. 


Tumours of Mullerian type 


Definition 

Mullerian-type tumours arise from pre- 
existing Mullerian precursors within the 
urinary bladder, commonly endometrio- 
sis and rarely Mullerianosis, and include 
clear cell and endometrioid carcinomas. 
Mullerian-type tumours are variants of 
adenocarcinoma, with microscopic fea- 
tures similar to those of clear cell and 
endometrioid carcinomas of Mullerian 
origin in the female genital tract. 


ICD-O codes 
Clear cell carcinoma 8310/3 
Endometrioid carcinoma 8380/3 


Synonym 
For clear cell carcinoma: mesonephric 
carcinoma (obsolete) 


Epidemiology 

Clear cell carcinoma is more common 
than endometrioid carcinoma, but it is 
rare and much less common thanits ure- 
thral counterpart {1492,1556}. 


Etiology 

Clear cell carcinoma often represents 
a specific form of glandular differen- 
tiation in urothelial carcinoma, and both 
morphologies can be seen juxtaposed. 
Occasionally, it may originate from Mul- 
lerian-type epithelium, typically in endo- 
metriosis {734,1569,1762,2070,3039}, 
but its histogenesis is unclear in some 
cases. Endometrioid carcinoma typically 
arises in association with endometriosis 
{40,57} and rarely Mullerianosis {946}. 


Clinical features 

Clear cell carcinoma occurs more com- 
monly in females (with a female-to-male 
ratio of 2:1) and across a wide age 
range (with a mean patient age of about 
60 years). Endometrioid carcinoma oc- 
curs only in females. Patients with clear 
cell carcinoma typically present with hae- 
maturia, urinary frequency, dysuria, or 
urinary retention, Patients with advanced 
disease may present with signs and 
symptoms related to secondary urethral 
obstruction, The tumours metastasize to 


lymph nodes and distant organs, simi- 
larly to urothelial carcinoma. Patients with 
endometrioid carcinomas may present 
with non-specific signs or symptoms, but 
information on these tumours' pattern of 
spread is lacking. 


Localization 

Clear cell carcinoma is more common 
in the bladder neck or trigone and less 
common in the lower posterior wall. It 
may be also found within a Mullerian 
duct cyst {2045} or a urethral diverticu- 
lum (979,1925}. Endometrioid carcinoma 
typically arises from the wall of the blad- 
der, and it is more common in the trigone 
or the posterior wall, where endometrio- 
sis is most common. 


Macroscopy 

Clear cell carcinoma typically forms a 
solitary polypoid to papillary mass (with 
a mean size of 3-4 cm) {2070}. Because 
endometriosis more frequently involves 
the serosa, endometrioid carcinoma less 
frequently involves the lamina propria. 
In contrast, clear cell carcinoma is often 
centred within the lamina propria and 
muscularis propria {3036}. 


Histopathology 

Clear cell carcinoma has a character- 
istic morphology, showing one or more 
of the typical morphological patterns 
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Fig. 243 Clear cell carcinoma. Closely packed tubules lined by c 
appearance, are juxtaposed to clear cells with diffuse growth. 
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seen in the female genital tract, includ- 
ing tubulocystic, papillary, and diffuse 
patterns. The tubulocystic pattern is by 
far the most common, whereas diffuse 
growth is the least common pattern and 
also the least prominent pattern in a giv- 
en neoplasm {1173,2070,2645}. Tubules 
vary in size and shape and may contain 
basophilic secretion, eosinophilic secre- 
tion, or both. The papillae are generally 
rounded and small, with fibrovascular 
cores that may be extensively hyalinized. 
The tumour cells range from flat to cuboi- 
dal and columnar, and they may have 
abundant clear cytoplasm (less com- 
mon in tumours with architectural resem- 
blance to nephrogenic adenoma [{1173)), 
eosinophilic cytoplasm, or an admixture 
of both. Hobnail cells are common but 
rarely conspicuous. Moderate to severe 
cytological atypia and brisk mitotic activ- 
ity are common. Tumours with a striking 
architectural similarity to nephrogenic 
adenoma may exhibit less pleomorphism 
and a lower mitotic rate than typical clear 
cell carcinoma, but nuclear enlargement 
and hyperchromasia are at least focally 
present {1173}. In some cases, clear 
cell carcinoma may be seen in associa- 
tion with urothelial carcinoma, including 
urothelial carcinoma in situ and (rarely) 
adenocarcinoma, NOS. Such association 
likely represents divergent differentiation. 
Some clear cell carcinomas arise in the 
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els with eosinophilic cytoplasm, some with a hobnail 
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vicinity of endometriosis {2070,3039}. 
Areas of necrosis and haemorrhage are 
common. Clear cell carcinomas are typi- 
cally positive for CAM5.2, CK7, epithe- 
lial membrane antigen, PAX8, HNF16, 
AMACR, and CA-125. They may also 
be positive for CD10, uroplakin, CK20, 
Leu-M1, PAX2, and carcinoembryonic 
antigen (345,734, 1173,2070,2645 2734, 
2838}. They are negative for prostate- 
specific antigen, prostate-specific acid 
phosphatase, p63, 34BE12, estrogen 
receptor, progesterone receptor, and 
GATAS {979,2734}. These tumours also 
show high Ki-67 (or MIB1) immunoreac- 
tivity and are p53-positive {979}. 

Endometrioid carcinoma has a variable 
histological appearance, depending 
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on the degree of differentiation. Well- 
differentiated tumours are composed of 
endometrioid-type glands that may show 
squamous, mucinous, or other metaplas- 
tic changes. In general, the morphology 
of endometrioid carcinoma of the urinary 
tract parallels that seen in its endometrial 
and ovarian counterparts; the immuno- 
histochemical profiles also likely overlap, 
including estrogen and progesterone 
positivity {57}. 


Genetic susceptibility 

Clear cell carcinoma displays chromo- 
somal alterations similar to those seen in 
urothelial carcinoma, including gains on 
chromosomes 3, 7, and 17. Identical pat- 
terns of X-chromosome inactivation are 


also seen in tumours exhibiting both clear 
cell and urothelial components {2645}. 


Prognosis and predictive factors 

Clear cell carcinoma was initially thought 
to be uniformly associated with an ag- 
gressive behaviour. Although studies 
with long follow-up periods are not avail- 
able, low-stage (T1-2) tumours, particu- 
larly with exophytic growth, may have a 
favourable outcome if treated aggres- 
sively. High-stage tumours are typically 
associated with a poor outcome {1556, 
1925}. Prognosis of endometrioid carci- 
nomas is difficult to assess, due to lack 
of information. 


Neuroendocrine tumours 


Small cell neuroendocrine 
carcinoma 


Definition 

Small cell neuroendocrine carcinoma 
(SmCC) is a malignant neoplasm with 
neuroendocrine differentiation. SmCCs 
derived from the urothelium have the 
same histological features as their pul- 
monary counterparts. 
ICD-O code 8041/3 
Synonyms 

Neuroendocrine carcinoma; oat cell car- 
cinoma (obsolete) 


Epidemiology 

SmCC of the bladder is rare, accounting 
for < 1% of malignant bladder tumours. 
It affects more males than females, with 
a male-to-female ratio of 3:1. Patient age 
at presentation is usually in the sixth or 
seventh decade. 


Etiology 

No specific etiology has been reported 
for SmCC, but the same etiological fac- 
tors implicated in urothelial carcinogen- 
esis are implicated in SmCC, particularly 
smoking. 

SmCC ofthe bladder i is believed to be of 
urothelial origin, due to the frequent as- 
sociation with conventional urothelial car- 
cinoma and other divergent histologies 
commonly seen within bladder cancer. 
Other less popular hypotheses include 
the malignant transformation of neuroen- 
docrine cells that are scattered within 
normal bladder, or the origin from a 
urothelial stem cell {2,288,490}. 


Clinical features 

Gross haematuria is the most common 
presenting symptom, followed by dysuria 
and obstructive symptoms. Most patients 
report a history of smoking. Metasta- 
ses are common, most often to regional 
lymph nodes but also to viscera such 
as bone, liver, and lung {490,513,2743}. 
Brain metastases are less common than 
those of the lung counterpart {1974}. 


Al-Ahmadie H 
Compérat E. 
Epstein J., 


- 2.44 Smal cell wpm carcinoma. High-grade urothelial carcinoma with areas sof small cell, glandular, a 


sarcomatoid differentiation (heterologous chondroid elements). 


Fig. 2.45 Small cel neuroendocrine carcinoma, A Small cell neuroendocrine carcinoma of the urinary Baader with 


urothelial carcinoma in situ. 
synaptophysin expression in the majority of tumour cells. 


Rarely, patients present with features of 
electrolyte abnormalities, such as hyper- 
calcaemia or hypophosphataemia, and 
ectopic secretion of adrenocorticotropic 
hormone as part of the paraneoplastic 
syndrome associated with primary SmCC 
of the bladder {2513 ,2155,2304}. 


Localization 

Most SmCCs of the urinary tract arise 
in the urinary bladder, but rare cases in 
the upper tract have been reported {490, 
513,1751,1766,1903,2743}. Within the 
bladder, SmCC arises most commonly in 
the lateral walls and the dome, and has 
also been reported within bladder diver- 
ticula {2671,2758,3081}. 


Macroscopy 
The tumour may appear as a large, solid, 


B Immunohistochemistry of small cell neuroendocrine carcinoma of the bladder, with 


solitary, polypoid, nodular mass with or 
without ulceration, and may extensively 
infiltrate the bladder wall. 


Histopathology 

All SmCCs are invasive at presentation, 
with most being invasive at least to the 
level of the muscularis propria. The tu- 
mours are composed of sheets of small 
cells separated by scant stroma. The 
cells have small, round to oval, overlap- 
ping nuclei without prominent nuclear 
details or prominent nucleoli. The cyto- 
plasm is sparse and mitoses are numer- 
ous and readily identifiable in ali tumours, 
Necrosis is common, either as areas of 
coagulative necrosis or in the form of ap. 
optotic bodies. 

For a tumour to be classified as SMCC, 
the small cell histology must constitute 
N? 


Neuroendocrine tumours 
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the majority of the tumour. Some SmCCs 
contain a lesser component of urothelial 
carcinoma (invasive or non-invasive) or 
other variant histologies, such as squa- 
mous, glandular, or sarcomatous differ- 
entiation {2,52,490,513} 

Characteristic neuroendocrine differenti- 
ation in SmCC has been demonstrated by 
electron microscopy and histochemistry, 
but in most cases, immunohistochemical 
stains are used. SmCC is typically posi- 
tive for Synaptophysin, chromogranin, 
and neuron-specific enolase, but a lack 
of expression of these markers should not 
exclude the diagnosis of SmCC. Thyroid 
transcription factor 1, once considered 
specific for thyroid and lung carcinoma, 
is commonly expressed in urothelial 
SmCC {21,1341}. The differential diagno- 
sis includes metastasis of a SmCC from 
another site (very uncommon), malignant 
lymphoma, and poorly differentiated 
urothelial carcinoma. 


Genetic profile 

By comparative genomic hybridization, 
SmCC of the urinary bladder was found 
to be genetically unstable, with high num- 
bers of genomic alterations. The most 
common changes included deletions of 
10q, 4q, 5q, and 13q (which may affect 
important tumour suppressor genes), as 
well as gains of 8q, 5p, 6p, and 20q. High- 
level amplifications, potentially indicat- 
ing the location of activated oncogenes, 
were found at 1p22-32, 3q26.3, 8q24, 
and 12q14-21 {2697}. In one tumour that 
was analysed by cytogenetics, there was 
heterogeneous ploidy and extensive re- 
arrangements of chromosomes 6, 9, 11, 
13, and 18 {150}. A recent study on a 
large cohort of bladder cancers reported 
that E2F3 amplification and RB1 deletion/ 
mutation were more prevalent in SmCCs 
than in conventional urothelial carcino- 
mas. The study also showed that SmCCs 
had higher rates of TP53 alterations and a 
higher burden of copy number alterations, 
reflecting more genomic instability in this 
tumour type than in conventional urothelial 
carcinoma {1294}. 

In a recent report, and consistent with the 
tumour's urothelial origin, TERT promoter 
mutations were common in SmCC of the 
bladder but not in small cell or neuroendo- 
crine carcinomas of other organs {3080}. 


Prognosis and predictive factors 
SmCC of the urinary bladder is charac- 
terized by an aggressive clinical course, 
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with advanced stage at presentation and 
a propensity for metastasis. The over- 
all 5-year survival rate for patients with 
SmCC of the bladder is low, with reports 
ranging from 25% to as low as 8% {2, 
490,513,1974,2743}. However, it was 
recently reported that the administration 
of neoadjuvant chemotherapy resulted in 
pathological downstaging and improved 
long-lerm outcomes in patients with 
SmCC of the bladder (513,1745,1751}. 
There have also been reports of durable 
remission with the addition of radiation 
therapy (200,1824} 

Other negative predictors of outcome in- 
clude patient age > 65 years, high TNM 
stage, and metastatic disease at pre- 
sentation {513,1751). There are no known 
genetic or molecular markers that can 
predict outcome or response to therapy. 


Large cell 
neuroendocrine carcinoma 


ICD-O code 8013/3 
Large cell neuroendocrine carcinoma of 
the bladder is rare, with only a few indi- 
vidual case reports documented in the 
literature. The tumour is a high-grade 
neoplasm exhibiting neuroendocrine 
features on H&E staining, high mitotic 
activity, and immunohistochemical evi- 
dence of neuroendocrine differentiation. 
It is very likely that this term has been 
applied inconsistently in the literature. 
Some reported cases were associated 
with a component of conventional urothe- 
lial carcinoma. Most reported cases have 
followed an aggressive clinical course, 
often with metastasis {550,1099,1612, 
2253). 


Well-differentiated 
neuroendocrine tumour 


Definition 

Well-differentiated neuroendocrine tu- 
mour is a neuroendocrine neoplasm aris- 
ing from isolated neuroendocrine cells lo- 
cated in the basal layer of the urothelium. 
These cells may become more numerous 
in reactive conditions. 
ICD-O code 8240/3 
Synonym 

Carcinoid tumour (not recommended) 


Epidemiology 

In the ‘very few cases of true primary blad- 
der well-differentiated neuroendocrine tu- 
mours that have been described {474}, the 
patients were in the same age range as- 
sociated with usual urothelial carcinoma. 


Clinical features 

Haematuria is the most common clinical 
presentation, followed by irritative void- 
ing symptoms. Association with carci- 
noid syndrome has not been reported. 


Macroscopy 

Well-differentiated neuroendocrine tu- 
mous typically present as small (mean 
diameter: 5 mm) polypoid masses in the 
bladder neck or trigone. They are classi- 
cally associated with haematuria. 


Histopathology 

Well-differentiated neuroendocrine tu- 
mous exhibit the same classic cytohisto- 
logical features described at other sites, 
including uniform cells with round nuclei 
containing stippled chromatin, often with 
intracytoplasmic eosinophilic granules 
resembling Paneth cells; because of 
this, these lesions sometimes resem- 
ble adenocarcinoma. A unique feature 
seen in most small well-differentiated 
neuroendocrine tumous is that the cells 
are arranged in a pseudoglandular pat- 
tern and associated with cystitis cystica 
and cystitis glandularis, which can lead 
to their misdiagnosis as a non-neoplastic 
condition. Less commonly, bladder well- 
differentiated neuroendocrine tumours 
are composed of anastomosing trabecu- 
lae, nests, and cords of cells without the 
prominent pseudoglandular morphology 
seen in smaller superficial lesions; these 
tumours are typically more aggressive. In 
addition to expressing neuroendocrine 
markers immunohistochemically, blad- 
der well-differentiated neuroendocrine 
tumours also express prostate-specific 
acid phosphatase, but do not express 
other prostate markers. 


Prognosis and predictive factors 

The typical small well-differentiated neu- 
roendocrine tumour is restricted to the 
lamina propria and associated with an 
excellent prognosis. However, well-differ- 
entiated neuroendocrine tumouts of the 
bladder may occasionally present as mus- 
cle-invasive tumours, which must be dis- 
tinguished from spread from other sites, 
such as the gastrointestinal tract {210}. 
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Paraganglioma 


Definition 
Paraganglioma of the bladder derives 
fom paraganglion cells in the bladder 
wall 

ICD-O code 8693/1 
Synonym 

Fxtra-adrenal phaeochromocytoma 


Epidemiology 

About 10% of paragangliomas occur in 
extra-adrenal sites. Of these, 10% are 
localized in the bladder wall, account- 
ing for 0.05% of all bladder tumours. 
Paraganglioma can occur in patients 
of any age, with a mean patient age of 
43.3 years. The tumour is more common 
among females and Whites {226}. 


ttiology 

The etiology is unknown. Paraganglioma 
develops from chromaffin tissue of the 
sympathetic nervous system. It can be 
‘unctional (i.e. secrete catecholamine) or 
non-functional. 


Localization 

Paraganglioma can be present in any 
part of the bladder and at any level of the 
bladder wall, with a predilection for the 
detrusor muscle. The most common sites 
are the dome and trigone {3086}. 


Clinical features 

Patients present with symptoms related 
to catecholamine secretion, such as hy- 
pertension and hypertensive crisis dur- 
ing micturition, and also with headache, 
blurred vision, and intermittent gross 
haematuria. FDG-PET/CT and diffusion- 
weighted imaging is the technique of 
choice for radiological detection {2002}. 


Macroscopy 

Most patients have exophytic lesions with 
intact mucosa, but ulcerations can exist. 
The tumours are commonly well circum- 
scribed and can be multinodular. The 
average size is 3.9 cm, but tumours as 
large as 9 cm have been reported {226}. 


Histopathology 

The cells are typically arranged in distinc- 
tive nests (called Zellballen); although 
in 20% of cases there is diffuse growth. 
Pseudorosette formations can exist 
{3086}. They are separated by a delicate 
plexiform vascular network or fibrous 
septa. The cells are large and polygonal 
and have amphophilic or acidophilic cy- 
toplasm with central or eccentric nuclei, 
which are sometimes pleomorphic or 
hyperchromatic. The chromatin can be 
smudged or hyperchromatic. Mitoses, fo- 
cal haemorrhage, and necrosis are rare. 
Paraganglioma can invade deeply into 
the bladder wall and show vascular inva- 
sion. Striking resemblance to urothelial 


carcinoma is possible, and urothelial car- 
cinoma is the most important entity in the 
differential diagnosis. Paragangliomas 
are negative for epithelial markers, and 
diagnosis can be confirmed with posi- 
tive immunostaining for neuroendocrine 
markers and for S100 in sustentacular 
cells. Bladder paragangliomas express 
GATAS in 83% of all cases and in 80% of 
cases at metastatic sites {2556}. 


Genetic profile 

Frequent losses at 1p, 3q, and 22q have 
been described {1310}. In malignant 
transformation, losses of 6q, 11, and 17p 
have been implicated {155}. Mutations 
in SDHA and SDHB have recently been 
described, which can be associated with 
loss of expression of SDHB by immuno- 
histochemistry {1754,1815}. 


Genetic susceptibility 

Germline SDHA and SDHB mutations 
have been reported in patients with blad- 
der paraganglioma (1754,1815}. 


Prognosis and predictive factors 

The behaviour after surgery of tumours 
staged T1 or T2 is typically benign. T3/ 
T4 stage has a risk of recurrence or me- 
tastases. The criteria for malignancy, es- 
timated at 5-15%, are metastasis and/ 
or extensive local disease {226}. Recur- 
rence has been observed in 14.2% of 
cases, with metastases reported in 9.4% 
{226}. Tumours associated with SDHB 
mutations have an increased association 
with metastases {1444}. 
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Melanocytic tumours 


Malignant melanoma 


Definition 

Malignant melanoma is a malignant neo- 
plasm of melanocytic origin. 
ICD-O code 8720/3 
Epidemiology 

In the urinary tract, metastatic melanoma 
is more common than primary melano- 
ma. Primary melanoma is most common 
in the urethra, where the male-to-female 
ratio is 1:3, and the median patient age is 
66 years {783,2071}. Only 27 cases have 
been reported in the urinary bladder, with 
equal incidence in males and females. 
The age of affected patients ranges from 
44 to 81 years {2856}. Malignant mela- 
noma is very rare in the renal pelvis and 
ureter {770}. 


Clinical features 

For a malignant melanoma to be consid- 
ered primary, the following criteria must 
be met: no other concomitant or previ- 
ous cutaneous melanoma, no evidence 
of a regressed melanoma, and a pattern 
of metastases consistent with a urinary 
tract primary {29]. Malignant melanomas 
of the urothelial tract account for < 1% 
of all melanomas {2109}. Some cases 
of cutaneous melanomas arising in the 
glans penis (in males) and the vulva (in 
females) may extend into the urothe- 
lium of the urethra and even the urinary 
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Fig. 2.47 Malignant melanoma of the urinary bladder. Subepithelial infiltrate exhibits melanin pigment on H&E (A) 
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bladder. Haematuria is the most common 
symptom. 


Macroscopy 

The most common appearance is that 
of a darkly pigmented polypoid solid tu- 
mour 1-8 cm in size. 


Histopathology 

A classic microscopic feature present in 
most cases is large epithelioid or spindle 
cells, sometimes containing melanin pig- 
ment. It is not uncommon for adjacent 
macrophages to contain phagocytized 
pigment as well. One clear cell mela- 
noma has been reported. S100 protein, 
HMB45, and melan A are expressed, 
whereas cytokeratins are not. 


Prognosis and predictive factors 

These tumours generally have a poor 
prognosis, correlated with the depth of 
invasion. Two thirds of patients die of dis- 
ease within 3 years of diagnosis {2856}. 


Naevus 
Definition 
Naevus is a benign proliferation of 


melanocytes. 


ICD-O code 8720/0 
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Epidemiology 

Only one case has been described, in 
a 72-year-old woman with a previous 
breast cancer. The lesion was diag- 
nosed incidentally because of haematu- 
ria {1437}. 


Histopathology 
Naevus consists of melanocytic cells with 
HMB45, melan A, and KIT expression. 


Melanosis 


Definition 

Melanosis of the urinary tract is a rare 
condition caused by the presence of 
melanin-containing epithelial cells and 
macrophages in the urothelial lining or 
melanin-containing macrophages in the 
underlying lamina propria of the urinary 
tract. 


Epidemiology 
Only 18 cases have been reported 
{2163}; 11 were isolated, 3 were asso- 
ciated with malignant melanoma, 3 with 
urothelial carcinoma, and 1 with urothe- 
lial dysplasia. 


Clinical features 

Melanosis is found incidentally at cystos- 
copy performed for unrelated symptoms, 
such as haematuria, urinary obstruction, 
pain, and ureterolithiasis. Some patients 
have had transient melanosis. There is no 
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Fig, 2.48 Urinary bladder melanosis 


propria (Fontana-Masson silver stain). 


sex predilection, and patient ages have 
ranged from childhood to old age. 


Macroscopy 
Flat or punctuate patterns can be seen. 


JA Melanin granules in the urothelial cell cytoplasm. B Melanin 
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Histopathology 

The presence of melanin pigment-con- 
taining epithelial cells or macrophages 
in the urothelial lining is often associated 
with the presence of pigment-laden mac- 
rophages in the lamina propria. Melano- 
sis must therefore be differentiated from 


granules in the cytoplasm of urothelial 


| cells and macrophages in the lamina 


melanoma, as well as from haemosiderin 
and lipochrome pigment deposition. 


Prognosis and predictive factors 
Melanosis is considered to be benign, 
but because there are so few cases, 
some authors recommend follow-up. 
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Mesenchymal tumours 


Rhabdomyosarcoma 


Definition 

Rhabdomyosarcoma is a malignant mes- 
enchymal tumour showing skeletal mus- 
cle differentiation. 
ICD-O code 8900/3 
Synonym 

For embryonal rhabdomyosarcoma: sar- 
coma botryoides 


Epidemiology 

Rhabdomyosarcoma of the urinary blad- 
der / prostate is the most common sarco- 
ma of children {590}. Rhabdomyosarco- 
ma of children is usually of the embryonal 
type, and the alveolar type accounts for 
< 10% of tumours, typically occurring in 
older children and adolescents {1634, 
2029}. In adults, rhabdomyosarcomatous 
differentiation may occur in two settings: 
as a pure rhabdomyosarcoma or as a 
component of sarcomatoid urothelial 
carcinoma (see Sarcomatoid urothelial 
carcinoma, p. 92) {2189}. Pure rhabdo- 
myosarcoma of the urinary bladder in 
adults is very rare, with only 13 reported 
cases. Adult rhabdomyosarcomas can 
be of alveolar, spindle cell / sclerosing, 
or pleomorphic type {2132}. There is no 
sex predilection or predisposing factors. 


Clinical features 

Patients present with local genitourinary 
symptoms; children may present with a 
pelvic/abdominal mass. 


Localization 

In children, prostate and bladder tumours 
are grouped together for treatment and 
follow-up purposes, because the exact 
tumour origin cannot always be deter- 
mined and outcome is similar. In adults, 
these tumours can occur anywhere in the 
bladder. 


Macroscopy 

In children, embryonal rhabdomyosar- 
coma of the botryoid type forms mul- 
tiple polypoid projections, imparting a 
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Fig. 2.49 Rhabdomyosarcoma. The tumour forms a soft, 
white, fleshy mass. 


grape-like appearance. The projections 
may be covered by an intact mucosa or 
there may be surface ulceration. In adults, 
the tumours are large and exophytic. 


Histopathology 

Embryonal rhabdomyosarcoma is a 
highly variable lesion, typically com- 
posed of primitive spindled to round 
cells in a partially myxoid background. 
Some tumours may contain numerous 
rhabdomyoblasts with either spindled or 
more epithelioid morphology, whereas 
other tumours consist almost entirely of 
primitive-looking spindled cells, with few 
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if any rhabdomyoblasts. Cross-striations 
may be present in better-differentiated 
tumours. In the botryoid subtype, there 
is a condensation of tumour cells below 
the covering mucosa, called the cambi- 
um layer; such tumours often show very 
prominent myxoid change and decep- 
tively bland spindled cells. Alveolar rhab- 
domyosarcoma typically grows as nests 
or pseudoalveoli of primitive round cells, 
occasionally with scattered rhabdomyo- 
blasts or multinucleated tumour giant 
cells, surrounded by a highly vascular, 
fibroblastic stroma. Very rarely, tumours 
show indeterminate or mixed features 
of embryonal and alveolar rhabdomyo- 
sarcoma; but such lesions typically lack 
the fusion transcripts associated with 
alveolar rhabdomyosarcoma and exhibit 
clinical behaviour more similar to that of 
embryonal rhabdomyosarcoma {2959}. 
Spindle cell / sclerosing rhabdomyosar- 
coma, usually seen in adults, typically 
shows both fibrosarcoma-like spindled 
cells and small nests of primitive round 
cells, embedded in a densely hyalin- 
ized matrix that may resemble osteoid or 
chondroid {893,187 1,2006}. Pleomorphic 
rhabdomyosarcoma typically consists of 


Fig. 2.50 aS The tumour shows striking nuclear condensation pacer cystitis cystica, ical! 
of a botryoid type of embryonal rhabdomyosarcoma. 


Fig. 2.51 Rhabdomyosarcoma. The tumour shows a 
combination of spindle cells and rhabdomyoblasts. 


sheets of markedly pleomorphic, mitoti- 
cally active spindled to epithelioid cells 
with abundant eosinophilic cytoplasm 
{930}. MyoD1 and myogenin are sensi- 
tive and specific markers of rhabdomyo- 
blastic differentiation {891,1949}; diffuse 
myogenin expression is more often seen 
in tumours of the alveolar subtype {2380}. 
Aberrant expression of cytokeratin and 
the neuroendocrine markers chromogra- 
nin and synaptophysin can occur in al- 
veolar rhabdomyosarcoma {1997,2132}. 


Genetic profile 

Chromosomal translocations resulting 
in fusion of the DNA-binding domain of 
PAX3on chromosome 2 or PAX7 on chro- 
mosome 1 to the transactivation domain 
of FOXO1 on chromosome 13 occur in 
55-75% of alveolar rhabdomyosarcomas 
{2144,2577}. These translocations are 
associated with advanced tumours and 
poor outcome {639,1197,2577}. To date, 
embryonal rhabdomyosarcoma has not 
been linked with a specific chromosomal 
change, showing instead genomic insta- 
bility and allelic imbalance. Spindle cell / 
sclerosing rhabdomyosarcomas show 
recurrent MYOD1 and/or PIK3CA muta- 
tions {19}. 


Prognosis and predictive factors 

The 5-year survival of children with uri- 
nary bladder tumours is 73% {1634}. Ad- 
verse outcome is associated with alveo- 
lar type, PAX-FOXO7 fusion, metastatic 
disease, and infiltrative rather than poly- 
poid growth {1634}. In adults, tumours 
are aggressive; > 80% of patients have 
an adverse outcome {2132}. 


Leiomyosarcoma 


Definition 

Leiomyosarcoma is a sarcoma arising 
from or differentiating along the lines of 
normal urinary bladder smooth muscle, 
ICD-O code 8890/3 
Epidemiology 

Leiomyosarcoma is the most common 
urinary bladder sarcoma in adults and 
accounts for 1% of all bladder malignan- 
cies. The mean patient age at diagnosis 
is 65 years, but patients in their 20s have 
been reported {1618,1808,2337}. There 
is a male sex predilection and an as- 
sociation with prior cyclophosphamide 
therapy for non-neoplastic and neoplas- 
tic conditions, including hereditary ret- 
inoblastoma {2173,2368}. 


Clinical features 

Patients most often present with haema- 
turia. A palpable pelvic mass, abdominal 
pain, or urinary tract obstruction may be 
present. 


Localization 
The tumours can occur anywhere in the 
bladder. 


Macroscopy 

Tumours range from 2 to 15 cm (with a 
mean of 7 cm) and commonly ulcerate 
the overlying urothelial mucosa. Both 
low- and high-grade tumours show infil- 
tration into the surrounding bladder wall. 
Necrosis is common in larger, higher- 
grade tumours {1665}. 


Histopathology 

Classic leiomyosarcoma is an infiltrative 
lesion composed of interlacing fascicles 
of eosinophilic spindled cells with cigar- 
shaped nuclei and perinuclear vacuoles. 
The tumour exhibits cytological atypia 
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Leiomyosarcoma. A Tumour composed of cellular, 
of poorly formed fascicles with pleomorphic cells, 


Fig. 2.52 
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and moderate to high cellularity and mi- 
totic activity, including atypical forms. 
Tumours may contain epithelioid cells 
or (rarely) be entirely epithelioid, and 
myxoid change can occur {1618}. Mark- 
edly anaplastic tumours may show little 
or no overt smooth muscle differentia- 
tion, requiring immunohistochemistry for 
diagnosis. Tumours are graded by a 
combination of factors, including differ- 
entiation (cytological atypia), mitotic ac- 
tivity, and necrosis. Most tumours are of 
intermediate or high grade (1665, 1904}. 
Of the various sarcoma grading systems, 
the Fédération Nationale des Centres de 
Lutte Contre le Cancer (FNCLCC) sys- 
tem may be most predictive of outcome 
{1665}. The tumours are immunoreactive 
for smooth muscle actin and (less com- 
monly) desmin and caldesmon. Myo- 
genin, MyoD1, and epithelial markers are 
negative. 


Genetic profile 

No specific recurrent genetic abnormali- 
ties have been identified, although only 
a limited number of cases have been 
studied. 


Prognosis and predictive factors 
Patients with leiomyosarcoma have a 
poor prognosis, with 5- and 10-year dis- 
ease-specific survivals of 47% and 35%, 
respectively {2337}. Survival is worse 
with increasing age, stage, and grade 
and with failure to undergo curative re- 
section (1618, 1665, 1808,2337}. 


Angiosarcoma 


Definition 

Angiosarcoma is a very rare tumour of 
the urinary bladder showing endothelial 
differentiation. 


9120/3 


ICD-O code 


‘ty en 


well-formed fascicles. B Higher-grade tumour composed 
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Epidemiology 

Fewer |han 25 angiosarcomas of the uri- 
nary bladder have beean reported, chiefly 
as Single case reports and small series. 
Tumours pecur in elder adults, with no 


sex predilection. 


Etiology l 
Several tumours have been associated 


with a history of pelvic irradiation for 
prostate or endometrial carcinoma. Vinyl 
chloride exposure has also been linked 
to angiosarcoma in this location {2957}. 


Clinical features 
Patients most commonly present with 
haematuria, sometimes massive. Irrita- 
tive symptoms and pelvic fullness and 
pain also occur, 


Localization 
The tumours can occur in any location in 
the urinary bladder, 


Macroscopy 

The tumours range from 1 to 14 cm and 
infiltrate into perivesical soft tissues and 
surrounding organs {4}. Haemorrhage 
and necrosis may be prominent {2588}. 


Histopathology 

These tumours show histopathological 
features identical to those of angiosar- 
coma at other locations. The tumours are 
composed of malignant endothelial cells 
arranged in a combination of solid areas 
and anastomosing vascular channels. In 
most tumours, spindled endothelial cells 
predominate, but tumours may also be a 
mixture of spindled and epithelioid cells 
or entirely epithelioid {1534}. In the epi- 
thelioid variant, tumours may be entirely 
solid without vasoformative areas, Uri- 
nary bladder angiosarcoma is a poorly 
differentiated malignancy requiring im- 
munostains to distinguish it from high- 
grade urothelial carcinoma (including 
the psSeudoangiosarcomatous variant) 
{2129,2223}. Angiosarcomas are im- 
munoreactive for endothelial markers 
including CD31, CD34, FLI1, and ERG. 
Because cytokeratin expression is com- 
mon in angiosarcomas (particularly ep- 
ithelioid angiosarcomas), poorly differ- 
entiated epithelioid malignancies of the 
bladder must be evaluated with a panel 
of immunostains that includes endothelial 
markers. 
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Prognosis and predictive factors 
Angiosarcoma of the urinary bladder is 
a highly aggressive tumour associated 
with a dismal prognosis, with all patients 
succumbing to disease despite aggres- 
sive surgical intervention and adjuvant 
therapy. 


Inflammatory 
myofibroblastic tumour 


Definition 

Inflammatory myofibroblastic tumour is 
a neoplasm of fibroblastic and myofibro- 
blastic origin. 


ICD-O code 8825/1 
Epidemiology 
Inflammatory myofibroblastic tumours 


have a wide patient age range at pre- 
sentation, from infants to the elderly. 
Most occur in children and young adults. 
There are no predisposing factors, and 
there is a slight female predominance. 
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Clinical features 

Patients present with haematuria or jir- 
ritative and obstructive symptoms (484, 
1123,1935}. 


Localization 

Inflammatory myofibroblastic tumour 
is found predominantly in the abdomi- 
nal cavity and the retroperitoneum. The 
urinary bladder is one of the most com- 
mon sites of visceral involvement. The 
tumours can occur anywhere within the 
bladder {545} 


Macroscopy 

The tumours range from 1 to > 17 cm in 
greatest dimension and form intraluminal 
polypoid masses that may have surface 
ulceration. The cut surface is soft and 
myxoid. 


Histopathology 

There are three often coexisting histo- 
pathological patterns in inflammatory my- 
ofibroblastic tumour: loose stellate cells in 
a myxoid background with inflammatory 


Fiy. 2.53 Inflammatory myofibroblastic tumour. A Tumour composed of loose fascicles of atypical myofibroblastic 


cells admixed with inflammation. B This tumour demonstratas immunohistochemical staining for ALK protein. C FISH 
shows cells with split of the ALK probe (arrows), indicative of an Ai Atranslocation, 


cells, spindle cells with a fascicular pat- 
tern, and sparsely cellular collagenized 
areas [544}. Surface ulceration with ne- 
crosis is common, but intratumoural ne- 
crosis is very uncommon. Mitotic figures 
may be numerous, but abnormal mitoses 
are unusual. Tumours often infiltrate the 
muscularis propria. A single case of 
malignant inflammatory myofibroblastic 
tumour in the bladder had overtly sar- 
comatous areas in the resection speci- 
men {1935}. Immunohistochemically, the 
tumours are positive for smooth muscle 
actin and desmin, and often exhibit ab- 
errant cytokeratin expression; however, 
these markers are not useful for distin- 
guishing inflammatory myofibroblastic 
tumour from leiomyosarcoma and sar- 
comatoid carcinoma. ALK1 is positive in 
approximately 60% of cases, and may be 
helpful in distinguishing this tumour from 
other malignant spindle cell tumours of 
the bladder {913,2634,2756}. Sarco- 
matoid urothelial carcinoma is the most 
common tumour in the differential diag- 
nosis. A reactive myofibroblastic prolif- 
eration secondary to prior transurethral 
resection, bladder calculus, or other lo- 
cal injury should also be considered in 
the differential diagnosis. 


Genetic profile 

Approximately 50-60% of these tumours 
have a clonal chromosomal rearrange- 
ment that activates ALK, the gene encod- 
ing ALK, on the short arm of chromosome 
2 at 2p23. There is strong concordance 
between the presence of ALK rearrange- 
ment detected by FISH and ALK immu- 
nohistochemical positivity {913,2634]. 
ALK-negative tumours (including those 
at other sites) occur in older patients and 
tend to exhibit greater pleomorphism 
and more atypical mitotic figures {544}. 
An aggressive, epithelioid variant of in- 
flammatory myofibroblastic tumour, often 
showing nuclear membrane or perinu- 
clear ALK expression and harbouring 
RANBP2-ALK fusion, has been reported 
{1788}. ALK abnormalities are not found 
in other spindle cell malignancies of the 
bladder, excluding the sarcomatoid vari- 
ant of anaplastic large cell lymphoma 
{26342756}. 


Prognosis and predictive factors 

Inflammatory myofibroblastic tumours 
recur in aS many as 25% of patients 
after excision, but very rarely metasta- 
size. Treatment is complete excision by 


transurethral resection or partial cystec- 
tomy with close follow-up. There are rare 
reports of clinically malignant (i.e. meta- 
static) tumours at other sites and a sin- 
gle report of an ALK-rearranged bladder 
tumour that metastasized and resulted in 
death {1935}, 


Perivascular epithelioid 
cell tumour 


Definition 

Perivascular epithelioid cell tumour is a 
neoplasm that exhibits melanocytic and 
smooth muscle differentiation and arises 
from so-called perivascular epithelioid 
cells. 


ICD-O codes 
Benign perivascular 


epithelioid cell tumour 8714/0 
Malignant perivascular 
epithelioid cell tumour 8714/3 


Synonym 
PEComa ("PEC” being an abbreviation of 
“perivascular epithelioid cell”) 


Epidemiology 

These tumours occur in adults, with a pa- 
tient age range of 16 to 48 years {2633}. 
There is no sex predilection and no pre- 
disposing factors. Although only 14 cas- 
es have been reported, none have been 
associated with tuberous sclerosis. 


Clinical features 
Patients present with haematuria or pel- 
vic mass. 


Localization 
The tumours can occur anywhere in the 
bladder. 


Macroscopy 
The tumours range from 0.6 to 9.2 cm 


is composed of cells with abundant clear cytoplasm. 


and are either circumscribed or infiltra- 
tive, They can show necrosis 


Histopathology 

Perivascular epithelioid cell tumours ex- 
hibit two histopathological patterns: spin- 
dled and epithelioid. One pattern may 
predominate or tumours may be mixed. 
The tumours are arranged in fascicles 
and nests, and cells have clear and eo- 
sinophilic cytoplasm. Blood vessels are 
prominent and can show perivascular 
sclerosis. Criteria for malignancy have 
been proposed for tumours at other sites 
{894}. Tumours that measure < 5 cm; 
show low nuclear grade and cellular- 
ity; and lack infiltration, necrosis, and 
vascular invasion should be considered 
benign, whereas tumours that exhibit 
two or more adverse features should be 
considered malignant. Although several 
of the tumours reported in the bladder 
would be considered malignant by these 
criteria, only one metastasized {2960}. 
Tumours express muscle actin, HMB45 
(also called gp100 protein), melan A, 
tyrosinase, and microphthalmia-asso- 
ciated transcription factor (2633,2960}. 
Cathepsin K is another marker that may 
be used to identify these tumours {1803}. 
TFE3 expression is present in a subset 
of tumours, and a malignant bladder tu- 
mour with TFE3 gene rearrangement has 
been reported (2960}. 


Prognosis and predictive factors 

Most perivascular epithelioid cell tu- 
mours have exhibited benign behaviour; 
however, the number of cases is small 
and follow-up has been limited. One pa- 
tient developed metastases and died af- 
ter cystectomy. 


Solitary fibrous tumour 


Definition 

Solitary fibrous tumour is a fibroblastic 
mesenchymal tumour with malignant 
potential, typically containing a specific 
NAB2-STAT6 gene fusion and overex- 
pressing STAT6. 
ICD-O code 8815/1 
Epidemiology 

Most tumours have occurred in men, and 
patient age at diagnosis ranges from 
42 to 67 years {172,2949}. There are no 
known predisposing factors. 
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Clinical features 
Most tumours are detected incidentally. 
Some patients have presented with pel- 
vic fullness {172}. 


Localization 
The tumours can occur in any location in 


the bladder. 


Macroscopy 
The tumours are 4-11 cm, firm, and yel- 
lowish tan, with a whorled cut surface. 


Histopathology 

Solitary fibrous tumour of the bladder is 
identical to solitary fibrous tumour oc- 
curring at other sites. The tumours show 
hypo- and hypercellular zones, with 
a haphazard whorled arrangement of 
spindle cells with lace-like intervening 
collagen. The tumours typically have a 
haemangiopericytomatous vascular pat- 
tern. The one reported case of malignant 
solitary fibrous tumour had the classic 
histological features of a benign tumour 
but also had areas with malignant fea- 
tures, including high cellularity, cytologi- 
cal atypia, and increased mitotic activity 
{2949}. The tumours are immunoreactive 
to CD34 and STAT6 {466,730}. In mes- 
enchymal tumours, STAT6 expression 
appears to be highly specific for solitary 
fibrous tumour. 


Genetic profile 

Recent studies showed recurrent and 
apparently specific NAB2-STAT6 gene 
fusions in solitary fibrous tumours {507, 
19242334}. 


Prognosis and predictive factors 

Most tumours are benign, but one his- 
tologically malignant tumour with limited 
follow-up has been reported {2949}. In 
other locations, the behaviour of solitary 
fibrous tumours appears to be relatively 
well predicted by a recently proposed 
risk stratification model that incorporates 
patient age, tumour size, and mitotic ac- 
tivity {689}. 
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Leiomyoma 


Definition 

Leiomyoma is a benign tumour of smooth 
muscle origin. 
ICD-O code 8890/0 
Epidemiology 

Leiomyoma is the most common be- 
nign mesenchymal tumour of the uri- 
nary bladder but is not common in 
general, accounting for < 1% of blad- 
der tumours {1013,1618,1808}. There is 
a wide patient age range at diagnosis 
(from 21 to 80 years) and a female pre- 
dominance. There are no predisposing 
factors. 


Clinical features 

Most tumours are detected incidentally 
during cystoscopy or radiological studies 
performed for other reasons, but some 
patients present with obstructive and ir- 
ritative symptoms, haematuria, or pain. 


Localization 
The tumours can occur anywhere in the 
bladder. 


Macroscopy 

Most leiomyomas are small, with a mean 
size of 2 cm, but a 25 cm tumour has 
been reported {1013}. The tumours are 
circumscribed, firm, and white, without 
necrosis or haemorrhage. 


Histopathology 

Leiomyomas are by definition non-infiltra- 
tive, circumscribed tumours showing low 
cellularity, minimal or absent cytological 
atypia, and absent mitotic activity. Very 


Fig. 2.56 Leiomyoma. Tumours are hypocellul 


ar and composed of bland spindle c 


Fig. 2.55 Leiomyoma. The tumour forms a circumscribed 
uniform firm white nodule. 


rare cases may show scattered cells with 
enlarged, hyperchromatic nuclei, of pre- 
sumed degenerative etiology. Such le- 
sions should be carefully sampled and 
evaluated for infiltrative growth and mi- 
totic activity. The tumours are immuno- 
reactive for muscle actin, desmin, and 
caldesmon. 


Prognosis and predictive factors 
Leiomyomas are treated by biopsy, trans- 
urethral resection, or segmental resection 
for larger tumours. Surgical removal is cu- 
rative, and recurrence is likely the result 
of incomplete initial excision {1618}. 


Haemangioma 


Definition 
Haemangioma is a benign vasoformative 
tumour. 


ICD-O code 9120/0 


Epidemiology and etiology 
Haemangiomas of the bladder may oc- 
cur in the setting of angiomatosis, such 


ag n Klippel-Trenaunay or Sturge—We- 
per syndromes. IN this setting, tumours 
are multiple and can occur n the pae- 
diatric age group Most tumours OC- 
cur in adults, with a patient age range 
of 19 to 85 years 489,2685}. There is a 
nale predominance and no other known 


predisposing factors 


Clinical features oo 
The tumours are incidental findings, or 


patients may have haematuria. 


Localization i T 
The tumours can occur n any location in 


the bladder. 


Macroscopy l 
Cystoscopically, haemangiomas are 
raised reddish-blue submucosal tu- 


mours. 1-3 cm in size {2685}. ` 


Histopathology 

Haemangiomas of the bladder are iden- 
tical to those at other sites, and most 
are of the cavernous type {489}. The 
tumours may be indistinct with insinu- 
ation between normal vessels and sub- 
mucosa {2685}. The tumours lack the 
invasive growth and cytological atypia of 
anglosarcoma. 


Prognosis and predictive factors 
Haemangiomas are benign, 


Granular cell tumour 


Definition 

Granular cell tumour is a tumour com- 
posed of large polygonal cells with abun- 
dant granular cytoplasm due to lysosome 
accumulation. The tumour is of Schwann 
Cell origin. 
ICD-O code 9580/0 
Synonym 

Granular cell myoblastoma (obsolete) 


Epidemiology 
Urinary bladder granular cell tumour is 
rare. The tumour occurs in adults, with a 
Patient age range of 14 to 70 years {3}. 
There is no sex predilection or predis- 
Posing factors. 


Clinical features 
Patients may present with haematuria, or 
tumours may be identified incidentally. 


Macroscopy 

The tumours are solitary and typically 
small, although tumours as large as 
12 cm have been reported. 


Histopathology 

The tumours are composed of cells with 
abundant granular eosinophilic cyto- 
plasm. The tumours are S100-positive. 


Prognosis and predictive factors 

Most tumours are benign but may rarely 
recur after excision. Two cases of malig- 
nant granular cell tumour of the bladder 
have been reported {3,2285}. 


Neurofibroma 


Definition 

Neurofibroma of the urinary bladder is 
an uncommon benign peripheral nerve 
sheath tumour. 
ICD-O code 9540/0 
Epidemiology and etiology 
Neurofibromas occur over a wide patient 
age range, from 3 to 69 years {491,2914}. 
Tumours in the paediatric age group are 
associated with neurofibromatosis type 1 
(more commonly) and type 2. The blad- 
der is the most common genitourinary site 
of involvement in neurofibromatosis. Only 
half of all patients with neurofibromatosis 
have a family history of the tumour; the 
other half present with a new mutation. 
There is no sex predilection. 


Clinical features 

Patients present with haematuria, irrita- 
tive symptoms, pelvic masses, or re- 
current infections. Patients with neurofi- 
bromatosis have the other stigmata of 
that condition, such as neurofibromas at 
other sites, café-au-lait spots, and Lisch 
nodules. 


Localization 
These tumours can occur throughout the 
bladder. 


Macroscopy 
The tumours are circumscribed, with a 
soft, white appearance. 


Histopathology 

Neurofibromas occur as plexiform 
or diffuse types. Nearly all plexiform 
neurofibromas are associated with 
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neurofibromatosis. The plexiform tumour 
is characterized by coalescent nodules 
of spindle cells in a collagenous stroma. 
Diffuse neurofibromas expand the lamina 
propria and may extend into the muscu- 
laris propria. Cells have spindle to ovoid 
nuclei and Wagner-Meissner corpuscles 
may be present. Neurofibroma with in- 
creased cellularity (cellular neurofibro- 
ma) may occur, but these tumours lack 
Significant mitotic activity and cytologi- 
cal atypia. Rare cases of neurofibroma 
with malignant degeneration have been 
reported in sporadic cases, as have tu- 
mours associated with neurofibroma- 
tosis {491,1363}. Neurofibromas are 
$100-positive. 


Genetic profile 

In the setting of neurofibromatosis type 1, 
there are mutations and LOH of the NF1 
gene. 


Genetic susceptibility 
These tumours typically occur in patients 
with neurofibromatosis type 1 


Prognosis and predictive factors 
Neurofibromas are benign; however, 
large or multiple tumours may require 
partial or complete cystectomy. Com- 
plications include neurogenic blad- 
der, renal failure, and recurrent bladder 
infections. 


Other mesenchymal tumours 


Malignant mesenchymal tumours such 
as malignant peripheral nerve sheath 
tumour, liposarcoma, chondrosarcoma, 
osteosarcoma, pleomorphic sarcoma 
(formerly called malignant fibrous histio- 
cytoma), and Kaposi sarcoma have been 
reported in the urinary bladder. Sarcoma- 
toid carcinoma with heterologous mesen- 
chymal elements must be excluded from 
cases of primary chondrosarcoma, Os- 
teosarcoma, and pleomorphic sarcoma 
{2189}. 
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Haematopoietic and lymphoid tumours 


Lymphoma 


Definition 

Malignant lymphoma is a malignant lym- 
phoid neoplasm that can involve the uri- 
nary tract as a primary tumour or as a 
component of a systemic disease. 


Epidemiology 

Primary lymphomas arising in the urinary 
tract account for < 5% of all extranodal 
lymphomas {205,2447} and < 1% of all 
primary neoplasms of the urinary tract. 
Secondary involvement of the bladder by 
systemic non-Hodgkin lymphoma at au- 
topsy is relatively common, having been 
documented in 10- 20% of cases {2631}. 


Etiology 

In most cases, the etiology is unknown. 
EBV and HIV have been reported in rare 
cases of urinary tract lymphoma {1355, 
1856,2064}. Cases of urinary tract lym- 
phoma arising in the setting of mucosa- 
associated lymphoid tissue have also 
been described {41,1411}. 


Clinical features 

Patients typically present with non- 
specific symptoms such as haematuria, 
dysuria, urinary frequency, nocturia, and 
abdominal pain or back pain. Primary 
lymphomas of the urinary tract can in- 
volve the bladder, urethra, renal pelvis, 
and ureter. 
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Fig. 2.57 Diffuse large B-cell lymphoma involving the bladder. A Tumour cells dissecting throug 
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Localization 

Malignant lymphoma may present as a 
single mass or multinodular masses in- 
volving the urinary tract 


Macroscopy 

On cystourethroscopy, the tumour may 
appear as a Solitary mass or multiple 
masses. The overlying urothelium is typi- 
cally intact and unremarkable; however, 
in some cases, ulceration or erythema 
may be present. Thickening of the blad- 
der wall may also be observed {729}. 


Histopathology 

The histological appearance of lympho- 
ma of the urinary tract is similar to that 
observed at other sites. In the bladder, 
extranodal marginal zone B-cell lympho- 
mas of mucosa-associated lymphoid 
tissue origin (MALT lymphomas) are the 
most common type {41,1411}. Other pri- 
marylymphomas of the bladder that have 
been described include anaplastic large 
cell lymphoma {1014), Burkitt lymphoma 
{1856}, diffuse large B-cell lymphoma 
{2447}, Hodgkin lymphoma {1339, 
1783}, and T-cell lymphoma {1967}. In 
the urethra, primary diffuse large B-cell 
lymphoma {1136}; MALT lymphoma 


{1819}; mantle cell lymphoma {1360}; 
and T-cell lymphoma, NOS {1355}, have 
been described. In the ureter and renal 
pelvis, primary MALT lymphoma {1121, 
2447}, diffuse large B-cell lymphoma 
and post-transplant 


(257, 1134,2447}, 
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lymphoproliferative disease {687 ,2474} 
have been described. Table 4.07 (p. 241) 
provides a summery of morphologic sub- 
types Several secondary urinary tract 
lymphomas have also been reported. 


Genetic profile and genetic 

susceptibility l 
The genetic profile and genetic suscepti- 
bility of lymphoma of the urinary tract are 
similar to those of primary lymphomas at 


other sites 


Prognosis and predictive factors — 
Primary MALT lymphoma of the urinary 
tract has an excellent prognosis after lo- 
cal excision/resection {1411,2170,2933}. 
Other lymphomas at this site tend to have 
a poor prognosis. The median survival 
with MALT lymphoma is 9 years, com- 
pared with < 1 year with other non-local- 
ized lymphomas and secondary/recur- 
rent lymphomas of the bladder {1411}. 
The predictive factors are similar to those 
at other non-genitourinary sites. 


Plasmacytoma 


Definition 

Plasmacytoma is a clonal proliferation of 
malignant plasma cells that is cytologi- 
cally and immunophenotypically identical 
to plasma cell myeloma. For a diagnosis 
of primary plasmacytoma, a complete 
clinical and radiographical work-up must 


B Tumour showing diffuse CD20 expression. 


show no evidence of plasmacytoma at 
other sites. The bone marrow must show 
no evidence of plasmacytosis or plasma 
cell monoclonality 


ICD-O code 9734/3 


idemiology 
e is rare, accounting for < 5% 
of all plasma cell neoplasms. Patients 
are typically adults, with a mean age of 
55 years. The male-to-female ratio is 2:1. 


Etiology . 
in most cases, the etislogy is. unknown. 


Ihe risk factors lor plasmacytoma of the 
urinary traci are similar to those of plas- 
macytomas at other sites. 


Clinical features 

Patients may present with haematurla, 
which may be more pronounced if there 
ig associated amyloidosis of the bladder. 
Some patients also present with dysuria 


or urinary frequency, Primary plasmacy- 
toma of the urinary tract can involve the 
bladder, urethra, renal pelvis, and ureter 


Localization 
Plasmacytoma may present as one or 
more multinodular masses involving the 
urinary tract. 


Macroscopy 
Plasmacytoma may present as one or 
more multinodular masses involving the 
bladder wall. 


Histopathology 

Plasmacytoma of the urinary tract is his- 
tologically indistinguishable from plas- 
macytoma occurring at other sites. Pri- 
mary plasmacytomas of the bladder are 
rare (430,1417,2663}. An isolated case 
associated with urothelial carcinoma 
has been reported {2891}. Rare cases of 
primary plasmacytoma have also been 
described in the urethra (46,1625,2976}, 


Carcinoma of Skene, Cowper, and 


Littre glands 


Definition 

Skene, Cowper, and Littre gland car- 
cinomas are adenocarcinomas arising 
Irom the Skene glands in females and 
the Cowper and Littre glands in males, 
respectively 
ICD-O code 8140/3 
Synonyms 

Urethral, periurethral, or paraurethral ac- 
cessory gland carcinomas 


Epidemiology 
These tumours are exceedingly rare. 


Clinical features 
The presenting symptoms are haematu- 
ria, dysuria, and urinary obstruction. 


Localization 

Skene, Cowper, and Littre gland carci- 
nomas are localized in the paraurethral 
glands, 


Macroscopy 


These tumours are typically large 


exophytic or nodular ulcerated tumours 
with infiltrative or expansile margins, with 
a gelatinous or cystic appearance {1409, 
1490}. 


Histopathology 

In males, adenocarcinoma arising from 
the Littre glands is typically centred in 
the penile urethra, whereas Cowper (bul- 
bourethral) gland adenocarcinoma oc- 
curs in the bulbomembranous (proximal) 
urethra {1409}. These tumours share his- 
tological features with adenocarcinoma 
arising from urethral mucosa. Growth 
patterns include papillary/micropapillary, 
acinar, and tubular, and an admixture of 
these patterns may be present. Tumour 
cells are cuboidal or columnar, with eo- 
sinophilic or clear cytoplasm and large 
hyperchromatic nuclei. Intracytoplasmic 
mucin or a frank mucinous component is 
rare {1409}. 

In females, Skene gland adenocarci- 
noma is more common distally. Micro- 
scopically, it shows papillary/micropapil- 
lary or glandular architecture, with either 
columnar or cuboidal tumour cells with 
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the renal pelvis (1274,2663}, and (least 
commonly in the urinary tract) the ureter 
(1455, 1576} 


Genetic profile and genetic 
susceptibility 

the genetic profile anc genet iscepti- 
bility of plasmacytorna of the urinary tract 
are similar to these ef Primary plasmacy- 
tomas at other sites 


Prognosis and predictive factors 
Prognosis depends on the therapeutic 
approach following diagriosis. In aner- 
al, early radiation therapy in combination 
with surgery improves prognosis {51} 
The local recurrence rate [ollowing ra- 
diation therapy is < 5% {2580]. If distant 
relapse occurs, it tends to occur within 
2-3 years of the initial diagnosis. Chemo- 
therapy is usually reserved for selected 
high-risk patients, such as those with 
large, high-grade, and radiation-resistant 
tumours {2580}. 


Lopez-Beltran A. 
Reuter V.E. 


eosinophilic or clear cytoplasm. Intralu- 
minal mucin is common. The nuclei are 
large and hyperchromatic, with prominent 
nucleoli {715,1817}. Some cases have a 
similar histology to that of prostatic ade- 
nocarcinoma, including prostate-specific 
antigen (PSA) expression {715}. A report- 
ed case was positive for CK7, CK20, and 
PAX8 and negative for CDX2, GATA3, 
and S100P {1817}. Adenoid cystic carci- 
nomas showing perineural invasion have 
been reported to occur from Skene gland 
{141}. A Bartholin gland origin should be 
excluded before definitive diagnosis. The 
diagnosis of accessory gland adenocar- 
cinoma is difficult because the tumours 
have usually destroyed the anatomical 
landmarks, Partial involvement of tec- 
ognizable periurethral gland is the best 
indicator of origin. 


Prognosis and predictive factors 
Pathological stage at the time of presen- 
tation is the best prognostic factor. Pros- 
tate-specific antigen is a reliable marker 
for therapeutic response in Skene gland 
adenocarcinoma {1490}. 
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Metastatic tumours 


Definition 

Secondary tumours of the urinary tract 
are non-urinary tract neoplasms that 
involve the urinary tract through direct 
spread or metastasis from another site. 


Epidemiology 

Metastases account for 2% of surgically 
resected bladder specimens {203}. Di- 
rect invasion accounts for 70%, with 
the remainder being bloodborne metas- 
tases {203}. Tumours directly invading 
the bladder originate in the’ colorectum, 
prostate gland, and uterine cervix {203, 
2526}. Possible origins of bloodborne 
metastases include the stomach, skin 
(melanoma), breast, kidney, and lung 
{953,3073}. 


Clinical features 

Patients may present with haematuria or 
dysuria. Infrequently, bladder symptoms 
are the first manifestation of an undiag- 
nosed malignancy {2576,3073}. 


Localization 
Within the genitourinary tract, the urinary 
bladder is the most common site. 


Macroscopy 

Most tumours present as a single mass 
that can resemble a primary tumour 
(203}. 


Histopathology 

The histopathology reflects the tumour 
origin. Most prostatic adenocarcino- 
mas are diagnosable, although poorly 
differentiated or ductal variants can re- 
semble urothelial carcinoma. Colorec- 
tal adenocarcinoma is morphologically 
indistinguishable from primary bladder 
adenocarcinoma. Lobular carcinoma of 
the breast can resemble plasmacytoid / 
signet ring cell carcinoma. Immunohis- 
tochemistry or other special studies are 
necessary in some cases {92,808}. 


Prognosis and predictive factors 

The prognosis and predictive factors of 
metastatic tumours reflect those of the 
primary tumour. 
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Fig. 2.58 A Prostatic adenocarcinoma directly invading the urinary bladder. In a case like this, the origin is unambiguous 
due to the characteristic histology of the tumour, B Colonic adenocarcinoma involving the urinary bladder. This 
morphology could also represent a primary adenocarcinoma of the urinary bladder or a urothelial carcinoma with 
glandular differentiation. C Metastatic poorly differentiated lung adenocarcinoma, When a tumour in the bladder is 
predominantly located in vascular spaces, the possibility of metastasis should be considered. 


Epithelial tumours of the upper 
urinary tract 


Definition 
Epithelial tumours of the upper urinary 
racl are tumours arising from the urothe- 
lium of the renal pelvis and ureter. They 
may be either benign or malignant. 


Epidemiology = 

The estimated incidence is 1.2 cas- 
es per 100 000 population per year. The 
incidence rate is stable in the renal pelvis 
but increasing in the ureter. The male-to- 
female ratio is 2:1 {2872}. 


Etiology 
The main risk factors are tobacco smok- 


ing, occupational exposure to chemicals 
and petrochemicals, and (historically) 
long-term phenacetin use. There are also 
specific risk factors, such as Balkan ne- 
phropathy and Chinese herbs nephropa- 
thy. Familial cases may occur in patients 
with Lynch syndrome {2872}. 


Clinical features 

The major symptoms are haematuria and 
flank pain. CT urography is the preferred 
imaging method for evaluating tumour 
size and spread. There is a TNM staging 
system specifically for epithelial tumours 
arising at these sites (see /nfiltrating 
urothelial carcinoma, p. 81). 


Localization 
The tumours are located in the renal pel- 


vis or ureter. Multifocality and bilaterality 
can be seen. 


Fig. 2.59 Urothelial carcinoma of the upper urinary tract 
(renal pelvis). 


Macroscopy 

The tumours can completely occupy the 
renal pelvis or ureter and may be pap- 
illary, polypoid, nodular, invasive, or ul- 
cerated. Most tumours are whitish and 
friable and can cause thickening of the 
wall. When they involve the renal paren- 
chyma, these tumours can become poor- 
ly defined scirrhous masses, resembling 
primary renal epithelial neoplasms. 


Histopathology 

The histopathology of renal pelvis urothe- 
lial tumours is similar to that of bladder 
urothelial neoplasia. Renal pelvis urothe- 
lial tumours may occur as papillary non- 
invasive tumours (i.e. papillary urothe- 
lial neoplasm of low malignant potential, 
low-grade papillary carcinoma, or high- 
grade papillary carcinoma), urothelial 
carcinoma in situ, and invasive urothe- 
lial carcinoma. The entire morphological 
spectrum of urothelial carcinomas of the 
bladder can be seen. Tumours with di- 
vergent differentiation (Squamous and 
glandular), unusual morphology (nested, 
microcystic, micropapillary, clear cell, 
and plasmacytoid), and poorly differenti- 
ated carcinoma (lymphoepithelioma-like, 
sarcomatoid, and giant cell) have been 
reported § {1092,1223,2068,2180,2322}. 
The concurrence of divergent differentia- 
tion, unusual morphology, or carcinoma 
with conventional invasive poorly differ- 
entiated carcinoma is common. In addi- 
tion to urothelial carcinoma, any tumour 
that can develop in the bladder has been 
reported in the upper tract, with similar 
histopathological features. Urothelial tu- 
mours of the upper tract are graded us- 
ing the same WHO / International Society 
of Urological Pathology (ISUP) system 
applied for bladder tumours {807,961, 
1223}. 


Genetic profile 

Urothelial carcinomas of the renal pel- 
vis, ureter, and urinary bladder share 
similar genetic alterations. Deletions on 
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chromosome 9p and 9q are common 
alterations, whereas 7P53 mutations are 
less common and more likely to be seen 
In advanced invasive tumours (349,623, 
834,1097,2318}. Some upper urinary 
tract cancers demonstrate microsatellite 
instability and loss of the mismatch repair 
proteins, particularly in association with 
Lynch syndrome {280,2815}. Mutations 
in FGFR3 have recently been reported in 
carcinomas of the upper tract and were 
more commonly associated with papil- 
lary morphology and non-invasive tu- 
mours {37,1744,2820}. 


Genetic susceptibility 
There is increased risk of develop- 
ing urothelial carcinomas of the upper 
urothelial tract in the setting of Lynch 
syndrome {2542,2815}. 


Prognosis and predictive factors 
Pathological stage and depth of invasion 
are the most important prognostic fac- 
tors for upper tract urothelial carcinoma. 
A potential pitfall is that some tumours 
may show extension into distal renal tu- 
bules in a pagetoid or intramucosal pat- 
tern, and this should not be designated 
as p13, which requires unequivocal in- 
vasion of the renal parenchymal tissue. 
The highest survival rate is for patients 
with non-invasive disease, and survival 
decreases dramatically with increasing 
level of invasion, positive nodal disease, 
and residual tumour after surgery. Other 
prognostic factors include the presence 
of lymphovascular invasion, concomitant 
carcinoma in situ, patient age, and type 
of treatment (428, 1102,1223, 1583, 1737, 
2068 ,2108}. 

Urothelial carcinoma ofthe upper urothe- 
lial tract may develop in patients with 
urothelial carcinoma of the bladder, par- 
ticularly if the vesical tumours (including 
urothelial carcinoma in situ) were locat- 
ed at the trigone / ureteral orifice (2741, 
2876,2984}. 
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Epithelial tumours arising in a 


bladder diverticulum 


Definition 

Epithelial tumours arising in a bladder di- 
verticulum are tumours occurring within 
outpouchings of the mucosa through the 
bladder wall. 


Synonym 
Tumours in vesical diverticula 


Epidemiology 

These tumours occur in 0.8-14.3% of 
all bladder diverticula and constitute 
approximately 1% of all bladder neo- 
plasms {2241,2897}. Diverticula occur 
9-11 times as commonly in men as in 
women, most commonly in the patient's 
sixth decade {1012,2671}. 


Etiology 

The majority of these tumours arise in ac- 
quired diverticula, which are associated 
with bladder outlet obstruction or neuro- 
genic bladder {2027}. 


Clinical features : 

Symptoms are non-specific and include 
haematuria, urinary retention, and infec- 
tion {1864,2671}. Diverticula can remain 
undetected even when large or multiple. 
CT imaging is recommended for explora- 
tion {2027}. Due to the absence of a mus- 
cularis propria, pT2 tumours cannot exist 
at this location, although invasive tumour 
at the diverticular os may involve the de- 
trusor muscle of the bladder {2897}. No 
alternative staging paradigm exists. 


Localization 

Most neoplastic diverticula are solitary 
and affect the lateral bladder wall, but di- 
verticula may also occur in the posterior 
wall, dome, and ureteral orifice {267 1}. 
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Fig. 2.60 Invasive carcinoma in a bladder diverticulum. The carcinoma extends to the level of the perivesical fat and is 
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considered pT3 disease; no muscularis propria is present as a landmark. 


Macroscopy 

Diverticular size varies greatly, with an 
average size of 5 cm {2897}. Diverticu- 
lar ostia may be pinpoint to large, with a 
small orifice potentially masking a large 
intradiverticular tumour. 


Histopathology 

Approximately one third to half of all 
cases contain non-invasive, low-grade or 
high-grade urothelial carcinoma {1012, 
2671}. About half of all invasive carcino- 
mas are urothelial. The rest consist of un- 


common subtypes, including small cell 
carcinoma, squamous cell carcinoma, 
and adenocarcinoma {2671}. 


Prognosis and predictive factors 
Pathological stage is the most important 
prognostic factor. Prognosis for pT3 tu- 
mours is worse than for pT1 tumours 
(1271,2671]. No pT2 stage can be as- 
signed in acquired diverticula because 
there is no detrusor muscle layer. Diver- 
ticular pT3 tumours are typically associat- 
ed with outcomes similar to those of non- 
diverticular bladder pT3 tumours {2897}, 
Histological grade, tumour multifocal- 
ity, and the presence of hydronephrosis 
have not been found to be prognostically 
significant {1012}. 
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Urothelial tumours of the urethra 


Definition 
Urothelial tumours of the urethra are 
urothelial neoplasms that are Primary to 


the urethra 


Epidemiology 
Primary urothelial neoplasms of the ure- 


(ira are rare, The age-adjusted inci- 
dence is 4.3 cases per 1 million men and 
14 cases per 1 million women {2655}. 
Ihe mean patient age at diagnosis is 
73 years. The male-to-female ratio is 
29 1 12259,2872] 


Etiology R 
known risk factors include chronic irrita- 


tion and inflammation, recurrent urinary 
inact infection, urethral diverticula, and 
radiation therapy (939, 1053}. 


Localization 
e tumours Commonly involve the distal 
rethra and meatus 


m 


linical features ` 

le main signs and symptoms include 
gross haematuria or bloody urethral 
discharge, bladder outlet obstruction 
symptoms, pelvic pain, and extraurethral 
inass Primary tumours are staged ac- 
cording to the current edition of the TNM 
slaging system. 


FO 


Macroscopy 
tumours commanly show exophytic 
ilary growth with erythematous or 
plaque-like areas. They may also 
piesert as a nodular infillrative mass, 
with cr without Surlace ulceration. 


Histopathology 

Morphologically, the tumours are simi- 
lar lo Ihose described in the urinary 
bladder. Urotheliat neoplasms may be 
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Fig. 2.61 Invasive urathellal carcinoma of the urethra. Note (he surface ulceration, 


non-invasive, papillary, or invasive. 
Urothelial carcinoma in situ is often pre- 
sent, involving suburethral glands, and 
should not be mistaken for invasion 
Deeply invasive carcinomas are high- 
grade, with or without a papillary com- 
ponent, and characterized by irregular 
nests, sheets, or cords of cells accompa- 
nied by a desmoplastic and/or inflamma- 
tory response. Squamous differentiation 
is very common. The tumours may also 
exhibit glandular differentiation or other 
unusual urothelial morphological vari- 
ants, such as nested, microcystic, micro- 
papillary, and plasmacytoid patterns. A 
small cell or sarcomatoid component is 
rarely seen {169,1367,2379,3028}. Other 
benign urothelial lesions, such as papil- 
loma, inverted papilloma, and villous 
adenoma, rarely occur, but should be 
considered in the differential diagnosis 
{482,488}. Direct extension or metastasis 


from prostatic adenocarcinoma should 
be ruled out in male patients. Urothelial 
tumours are graded as outlined for those 
of the bladder. 

The immunoprofiles of urothelial neo- 
plasms of the urethra are similar to 
those of their counterparts in the urinary 
bladder. 


Prognosis and predictive factors 
Primary urothelial tumours of the urethra 
tend to have worse prognosis than their 
counterparts in the urinary bladder. Ad- 
vanced age (> 65 years), Black race, 
higher pathological stage, higher histo- 
logical grade, lymph node metastasis, 
greater extent of surgery, larger tumour 
size, and proximal tumour location are 
associated with poorer survival in pa- 
tients with primary urothelial tumours of 
the urethra {434,651,694,939, 1053,2259, 
2293, 2655,2713,2872)}. 
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CHAPTER 3 


Tumours of the prostate 
Acinar adenocarcinoma 
Prostatic intraepithelial neoplasia 
Intraductal carcinoma 
Ductal adenocarcinoma 
Urothelial carcinoma 


Squamous neoplasms 


Basal cell carcinoma 


Neuroendocrine tumours 
Mesenchymal tumours 
Haematolymphoid tumours 
Miscellaneous tumours 
Metastatic tumours 


Tumours of the seminal vesicles 


WHO classification of tumours of the prostate 


Epithelial tumours 

Glandular neoplasms 

Acinar adenocarcinoma 
Atrophic 
Pseudohyperplastic 
Microcystic 
Foamy gland 
Mucinous (colloid) 
Signet ring-like cell 
Pleomorphic giant cell 
Sarcomatoid 

Prostatic intraepithelial neoplasia, 
high-grade 

Intraductal carcinoma 

Ductal adenocarcinoma 
Cribriform 
Papillary 
Solid 

Urothelial carcinoma 

Squamous neoplasms 
Adenosquamous carcinoma 
Squamous cell carcinoma 

Basal cell carcinoma 


Neuroendocrine tumours 

Adenocarcinoma with neuroendocrine 
differentiation 

Well-differentiated neuroendocrine tumour 

Small cell neuroendocrine carcinoma 

Large cell neuroendocrine carcinoma 


Mesenchymal tumours 

Stromal tumour of uncertain malignant potential 
Stromal sarcoma 

Leiomyosarcoma 
Rhabdomyosarcoma 

Leiomyoma 

Angiosarcoma 

Synovial sarcoma 

Inflammatory myofibroblastic tumour 
Osteosarcoma 

Undifferentiated pleomorphic sarcoma 
Solitary fibrous tumour 

Solitary fibrous tumour, malignant 
Haemangioma 

Granular cell tumour 


Haematolymphoid tumours 

Diffuse large B-cell lymphoma 

Chronic lymphocytic leukaemia / 
small lymphocytic lymphoma 

Follicular lymphoma 

Mantle cell lymphoma 
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8140/3 


8480/3 
8490/3 


8572/3 


8148/2 
8500/2 
8500/3 
8201/3 
8260/3 
8230/3 
8120/3 


8560/3 
8070/3 
8147/3 


8574/3 
8240/3 
8041/3 
8013/3 


8935/1 
8935/3 
8890/3 
8900/3 
8890/0 
9120/3 
9040/3 
8825/1 
9180/3 
8802/3 
8815/1 
8815/3 
9120/0 
9580/0 


9680/3 
9823/3 


9690/3 
9673/3 


Acute myeloid leukaemia 
B lymphoblastic leukaemia/lymphoma 


Miscellaneous tumours 
Cystadenoma 
Nephroblastoma 

Rhabdoid tumour 

Germ cell tumours 

Clear cell adenocarcinoma 
Melanoma 

Paraganglioma 
Neuroblastoma 


Metastatic tumours 


Tumours of the seminal vesicles 


Epithelial tumours 
Adenocarcinoma 
Squamous cell carcinoma 


Mixed epithelial and stromal tumours 
Cystadenoma 


Mesenchymal tumours 

Leiomyoma 

Schwannoma 

Mammary-type myofibroblastoma 
Gastrointestinal stromal tumour, NOS 
Leiomyosarcoma 

Angiosarcoma 

Liposarcoma 

Solitary fibrous tumour 
Haemangiopericytoma 


Miscellaneous tumours 
Choriocarcinoma 
Seminoma 


Well-differentiated neuroendocrine tumour 


Lymphomas 
Ewing sarcoma 


Metastatic tumours 


9861/3 
9811/3 


8440/0 
8960/3 
8963/3 


8310/3 
8720/3 
8693/1 
9500/3 


8140/3 
8070/3 


8440/0 


8890/0 
9560/0 
8825/0 
8936/1 
8890/3 
9120/3 
8850/3 
8815/1 
9150/1 


9100/3 
9061/3 
8240/3 


9364/3 


The morphology codes are from the International Classification of Diseases 
for Oncology (ICD-O) {917A}, Behaviour is coded /0 for benign tumours; 

/1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in 
situ and grade III intraepithelial neoplasia; and /3 for malignant tumours 
The classification is modified from the previous WHO classification {756A}, 
taking into account changes in our understanding of these lesions 
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TNM classification of carcinomas of the prostate 


TNM classification®” 


T — Primary tumour 


TX Primary tumour cannot be assessed 

TO No evidence of primary tumour 

Ti Clinically inapparent tumour not palpable or visible by 

imaging 

Tia Tumour incidental histological finding in < 5% of tissue 
resected 

Tib Tumour incidental histological finding in > 5% of tissue 
resected 

Tic Tumour identified by needle biopsy (e.g. because of 
elevated prostate-specific antigen) 

i2 Tumour confined within prostate® 

T2a Tumour involves half (or less) of one lobe 

T2b Tumour involves more than half of one lobe, but not 
both lobes 

T2c Tumour involves both lobes 

T3 Tumour extends through the prostatic capsule? 

T3a Extracapsular extension (unilateral or bilateral), 
including microscopic bladder neck involvement 

T3b Tumour invades seminal vesicle(s) 

T4 Tumour is fixed or invades adjacent structures other than 


seminal vesicles: external sphincter, rectum, levator 
muscles, and/or pelvic wall 


N — Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 


M - Distant metastasis 
MO No distant metastasis 
M1 Distant metastasis 


Mia Non-regional lymph node metastasis 
Mib Metastasis to bone 
Mic Metastasis to other site(s) 


G - Histopathological grading 
GX Grade cannot be assessed 
G1 Well differentiated (Gleason < 6) 


G2 Moderately differentiated (Gleason 7) 
G3-4 Poorly differentiated/undifferentiated (Gleason 8-10) 


Stage grouping 

Stage! TiaT2a No MO 

Stage |! T2b-c NO MO 

Stage Ill T3 NO MO 

Stage iV T4 NO MO 
Any T N1 MO 


Any T Any N M1 


Prognostic grouping? 

Group | Tia-T2a NO MO PSA < 10 Gleason < 6 

Group IIA Tla-c NO MO PSA < 20 Gleason 7 
Tla-T2a NO MO PSA> 10, < 20 Gleason <6 


T2a NO MO PSA < 20 Gleason < 7 
T2b NO MO PSA<20 Gleason < 7 
Group IIB T2c NO MO AnyPSA Any Gleason 
T1-2 NO MO PSA> 20 Any Gleason 
T1-2 NO MO Any PSA Gleason 2 8 
Group lIl T3a—b NO MO Any PSA Any Gleason 
Group IV T4 NO MO Any PSA Any Gleason 
Any T N1 MO Any PSA Any Gleason 
Any T Any N M1 Any PSA Any Gleason 


Adapted from Edge et al. {759} - used with permission of the American 
Joint Committee on Cancer (AJCC), Chicago, Illinois; the original and prima- 
ry source for this information is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science+Business Media - and Sobin 
et al. (2558A) 

PA help desk for specific questions about TNM classification is available at 
http://www.uicc.org/resources/tnm/helpdesk. 

©Tumour found in one or both lobes by needle biopsy and not palpable or 
visible by imaging is classified as T1c. 

invasion into the prostatic apex or into (but not beyond) the prostatic cap- 
sule is classified as T2. 

‘When either PSA (prostate-specific antigen level, in ng/mL) or Gleason 
score is not available, prognostic grouping should be determined by T cat- 
egory and whichever of either PSA or Gleason is available. When neither is 
available, prognostic grouping is not possible; use stage grouping. 
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Acinar adenocarcinoma 


Definition 

Acinar adenocarcinoma is an invasive 
carcinoma consisting of neoplastic 
prostatic epithelial cells with secretory 
differentiation arranged in a variety of 
histomorphological patterns, including 
glands, cords, single cells, and sheets. 
Basal cells are typically absent. 


ICD-O code 8140/3 


Epidemiology 


Clinical incidence and geographical 
distribution 

Worldwide, clinically detected prostate 
cancer is the second most common 
malignancy, with an estimated 1.1 mil- 
lion new cases in 2012 {848}. There are 
remarkable differences between world 
regions and countries in the incidence 
of clinically diagnosed prostate cancer 
{848}. The highest incidences are in 
North America, the Caribbean, Brazil, 
certain western European countries, Aus- 
tralia, and New Zealand. About 60% of all 
new prostate cancer cases in 2012 were 
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diagnosed in North America or Europe. 
Prostate cancer is the most common can- 
cer in 84 countries, most of which have a 
high or very high level of human develop- 
ment. The lowest incidences are in Asia, 
several countries in the Middle East, and 
Africa. Both genetic and environmental 
influences have been implicated in these 
incidence differences. An environmen- 
tal component (possibly related to diet) 
is confirmed by the fact that low-risk 
Asian men who move to a high-risk geo- 
graphical area (such as the USA) have 
a marked increase in prostate cancer in- 
cidence. However, the annual incidence 
for all generations of Asian-Americans is 
roughly only half of that for Whites born 
in the USA, implicating genetic factors 
{565}. International differences in diag- 
nostic practices, particularly differences 
in serum prostate-specific antigen (PSA) 
screening, are probably the greatest 
contributors to worldwide differences in 
incidence {426}. 
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Fig. 3.01 Age-standardized annual rates (per 100 000 population) of prostate cancer incidence (A) and mortality (B) in 
selected populations, 1975-2012. Reprinted from Forman et al. {897A}. 
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Prevalence at autopsy and radical 
cystoprostatectomy 

Prostate cancer has a high prevalence at 
autopsy, being found in the completely 
embedded prostate glands of 15-20% of 
men in Asia and 30-40% of men in west- 
ern countries {341}. There is a sugges- 
tion of an increase in latent-autopsy pros- 
tate cancer in one Asian country, Japan, 
to the level of that in western countries 
{3016,3097}. As with clinically detected 
prostate cancer, there is significant geo- 
graphical variation in the incidence of 
latent prostate cancer diagnosed at au- 
topsy {341,1094}. Although there is less 
geographical variation than is seen with 
the incidence of clinical diagnosis, the 
ethnicity-specific ranks are similar. The 
prevalence is extremely age-dependent, 
as is the case: with clinically detected 
prostate cancer. The lifetime risk of iden- 
tification of an autopsy prostate cancer 
fora managed more than 50 years in the 
USA is much higher (at 42%) than his life- 
time risk of clinical detection of prostate 
cancer (at 9.5%) {2436}. 

Incidental prostate cancer in men from 
western countries is detected, on aver- 
age, in 50% of completely embedded 
prostate glands from  cystoprostatec- 
tomy specimens {1256,2950,2970}. In 
contrast, the average prevalence in 
men from Asian countries is around 10% 
{1542,2125,3094}. 


Mortality 

Worldwide, prostate cancer is the fifth 
most common cause of death due to 
malignancy in men, with an estimated 
307 000 deaths due to prostate cancer 
in 2012 {848}. Mortality rates are high- 
est in regions with predominantly Black 
populations, such as sub-Saharan Africa 
and the Caribbean. African-Americans 
also have a high mortality rate. Mortal- 
ity is also high in Scandinavia. Mortality 
rates are lowest in Asia and several Mid- 
dle Eastern and North African countries. 


Age distribution 
Patient age is strongly related to the 
detection of prostate cancer, with 


ewe 


most cancers detected in men aged 
> 60 years. Only 1% of prostate can- 
cers are Clinically detected in men aged 
< 50 years. In contrast, 30% of men in 
the USA aged 30-50 years have prostate 
cancer detectable at autopsy {2391}. 


Time trends 

The reported incidence rates of prostate 
cancer rose markedly in the USA from 
1987 to 1992, after the widespread adop- 
tion of serum PSA screening. Similar in- 
creases have been observed in other 
high-resource countries {848}. In some 
of these countries, the incidence rates 
have since levelled off, whereas in oth- 
ers the rates continue to rise. Mortality 
rates have decreased over time in sev- 
eral western countries, a trend that could 
be due to earlier detection, improved 
treatment, and changes in attribution of 
cause of death {335}. Mortality rates are 
rising in some Asian, African, and east- 
ern and central European countries {166, 
426}. The reasons for the rise are not well 
established, but could be related to an 
increase in risk factors associated with 
economic development, such as obesity, 
high dietary fat, and decreased physical 
activity {426}. 


Etiology 

Lifestyle and dietary habits have long 
been known to be linked to prostate can- 
cer risk {540,2018,2019}. Growing evi- 
dence points to glandular epithelial cell 
injury by dietary carcinogens, estrogens, 
or oxidants as a trigger for a chronic in- 
flammatory milieu that sets the stage 
for cancer development {540,654,2483, 
2484}. Pinpointing the exact environmen- 
tal carcinogen(s) has proven to be a dif- 
ficult endeavour. However, epidemiologi- 
cal dietary association data and animal 
model studies {2000,2001} have strongly 
supported dietary intakes of red meat and 
animal fats as risk factors. High-tempera- 
ture cooking and charbroiling of red meat 
results in the formation of heterocyclic 
aromatic amines (e.g. 2-amino-1-meth- 
yl-6-phenylimidazo[4,5-b]pyridine) and 
polycyclic aromatic hydrocarbon car- 
cinogens, some of which have been 
linked to disease pathogenesis in animal 
models {993,1462,2895}. Milk and dairy 
products may increase risk, whereas ly- 
copene (in tomatoes), marine omega-3 
fatty acids (in fish), soy, and cruciferous 
vegetables (e.g. cauliflower, broccoli, 
and Brussels sprouts) may decrease risk 
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Fig. 3.02 Worldwide age-standardized rates (ASRs) of prostate cancer incidence (A) and mortality (B), 2012. Reprinted 


from Ferlay et al. {848}. 


{992A}. Randomized clinical trial data on 
dietary vitamin E, calcium, B-carotene, 
and selenium intake have not demon- 
strated an association with decreased 
risk of prostate cancer {436}. Other cited 
environmental risk factors include expo- 
sures to sex steroid hormones and infec- 
tious agents. Animal model data link es- 
trogen to prostate epithelial cell damage 
and inflammation, potentially through 
induction of autoimmunity {2462,2621}. 
Likewise, sexually transmitted infections 
(e.g. trichomoniasis, chlamydia, and 
gonorrhoea) have been cited as potential 
initiators of predisposing chronic inflam- 
mation of the prostate {786,787,2647, 
2648}. Epithelial damage and ensuing 
inflammation is the common pathogenic 
link between environmental carcinogens 
and prostate cancer development. In re- 
sponse to persistent oxidative stress, the 


epithelial cells mount a genome damage 
defence and cell survival response by in- 
itially inducing their expression of alpha- 
and pi-class glutathione S-transferases, 
cyclooxygenase 2, and other mediators 
{2018 ,2154,2818,3068}. Ultimately, this 
is followed by epigenetic silencing of 
hundreds of genes, including the crucial 
caretaker gene GS7TP1, which persists 
throughout subsequent cancer progres- 
sion phases. Proliferative inflammatory 
atrophy has been put forward by some as 
the earliest histological manifestation of 
the injury response, exhibiting increased 
epithelial proliferation and inflamma- 
tion. That view is supported by the fact 
that proliferative inflammatory atrophy 
shares many of the somatic genetic and 
epigenetic alterations that are exhib- 
ited by prostatic intraepithelial neoplasia 
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(PIN) and prostate cancer {352,2005, 
2017}. 


Localization 

Most prostatic adenocarcinomas (85- 
90%) are multifocal {99}, with an aver- 
age of 2-3 separate tumours per gland 
(although cases with as many as 10 tu- 
mours per gland have been reported). 
Most of the cancers (75-80%) are locat- 
ed in the posterior/posterolateral periph- 
eral zone; however, systematic biopsies 
and PSA screening have led to profound 
stage migration and a higher rate of non- 
palpable/organ-confined tumours. There 
has been a relative increase of dominant 
anterior prostatic tumours. These may be 
located in the anterior peripheral zone or 
transition zone and more commonly in- 
volve the anterior fibromuscular stroma 
and bladder neck {38,2812}. The central 
zone is typically involved secondarily, by 
cancers arising in other zones; rarely, 
tumours can arise in the central zone 
{2842}. 


Clinical features 


Signs and symptoms 

Adenocarcinoma of the prostate may be 
Clinically suspected based on elevated 
serum PSA and/or an abnormal digital 
rectal examination. The digital rectal ex- 
amination is not particularly sensitive, nor 
is it specific for prostate cancer. Digital 
rectal examination misses 25-50% of 
prostate cancers detected by serum PSA 
{1060}. Other conditions, such as benign 
prostatic hyperplasia and inflammation, 
can also result in palpable abnormalities. 
Prostatic carcinomas detectable by digi- 
tal rectal examination are of larger size 
and higher stage than those detected by 
serum PSA {813}. Most adenocarcino- 
mas of the prostate identified by digital 
rectal examination have at least micro- 
scopic extraprostatic extension {813}. 

In countries where PSA screening is 
prevalent, most prostate cancers are 
not symptomatic at diagnosis. Clinical 
symptoms are usually a manifestation of 
locally advanced or metastatic disease. 
Manifestations of locally advanced pros- 
tate cancer include urinary frequency 
and difficulty urinating, which can simu- 
late benign prostatic hyperplasia, acute 
urinary retention, and haematuria. Hae- 
matospermia, caused by destruction 
of the ejaculatory ducts, is rare. Impo- 
tence can occur due to invasion of the 
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neurovascular bundles. Rectal invasion, 
priapism, and uraemia (due to renal fail- 
ure secondary to ureteral obstruction) 
are late findings of highly advanced local 
disease. Metastatic prostate cancer can 
produce bone pain, pathological frac- 
tures, lower extremity oedema, and neu- 
rological symptoms. Haematological ab- 
normalities are uncommon, and include 
anaemia and disseminated intravascular 
coagulation. 


Serum markers 


Prostate-specitic antigen (PSA) is a 
serine protease in the kallikrein family, 
produced by the secretory cells in the 
prostatic ducts and acini {2142}. It is 
secreted into the seminal fluid, where 
it is responsible for semen liquefaction 
{1649}. Release of PSA into the blood 
stream enables its detection in serum. 
Serum PSA levels correlate strongly with 
the risk of prostate cancer {157,2453, 
2709}. Together with patient age, digital 
rectal examination findings, and other 
factors such as race and family history, 
serum PSA has been used to determine 
the need for biopsy. The 2-4 ng/mL range 
of total PSA levels has often been used 
as a cut-off point {157,2709}. There is 
significant biological variation (as much 
as 20-30%) in PSA levels in individual 
patients {2561}. 

Serum PSA has been used in prostatic 
carcinoma screening (both population- 
based and opportunistic) and for di- 
agnostic, therapeutic, and prognostic 
purposes {106,1179,1650,1685}. In 
screening, PSA has limitations, because 
it is commonly elevated in benign pros- 
tatic hyperplasia and prostatitis, as well 
as with mechanical manipulation of the 
prostate gland {332,2612}. These fac- 
tors, coupled with the biological variation 
in PSA concentrations, result in low spec- 
ificity and low positive predictive value 
when used as a single measurement. 
However, in screening studies, men with 
PSA values < 1 ng/mL have a very low 
cancer detection rate {157}. Many pa- 
tients screened have PSA values in the 
2-10 ng/mL range, and total PSA does 
not perform well in this so-called grey 
zone {1907}. 

The role of PSA-based population 
screening for prostatic carcinoma is con- 
troversial {741}. In the European Ran- 
domized Study of Screening for Pros- 
tate Cancer, there is evidence that PSA 


screening can reduce mortality from pros- 
tatic carcinoma, but the impact is rela- 
tively modest {2451}. In contrast, there 
was no mortality reduction in the Pros- 
tate, Lung, Colorectal, and Ovarian Can- 
cer Screening Trial {102}. Any mortality 
reduction must be measured against the 
likelihood of overdiagnosis and over- 
treatment of low-stage, low-risk disease 
{1684}. There are conflicting recommen- 
dations with respect to prostate cancer 
screening {1432,1968}. Among men with 
a life expectancy of > 10 years, itis a 
reasonable approach to discuss the pros 
and cons of prostatic carcinoma screen- 
ing with the patient to let him be part of 
the decision-making process {741}. 


Prostate-specitic antigen derivatives 

To improve the specificity of PSA testing, 
investigators have used several PSA de- 
rivatives, including PSA density (i.e. the 
ratio of PSA to gland volume), PSA dou- 
bling time, PSA velocity (i.e. the change 
of PSA over time), and age- and race- 
specific PSA reference ranges. These 
PSA derivatives have resulted in modest 
improvements in the specificities in some 
studies (1179, 1685,2866). 


Prostate-specitic antigen isoforms 

PSA exists as fPSA and as complexes 
with a-1-antichymotrypsin, a-1-proteinase 
inhibitor, and a-2-macroglobulin {2612}. 
The a-2-macroglobulin-—complexed form 
is generally not measured with the rou- 
tine PSA assay, but the total serum PSA 
measurement includes the other com- 
plexed forms, as well as fPSA. Low val- 
ues (< 20%) of fPSA are associated with 
a higher likelihood of detecting prostate 
cancer {419}. This measurement has 
been incorporated into multivariate mod- 
els to predict prostatic carcinoma risk in 
individual patients {2610}. More recently, 
isoforms of fPSA, including benign PSA 
(associated with benign prostatic hyper- 
plasia), intact PSA, and pro-PSA (with 
multiple subforms, including the [-2] 
pro-PSA subform) have been identified 
{2612}. Total PSA, %fPSA, and [—2]pro- 
PSA have been used in a tool called the 
Prostate Health Index {1228}. This index 
has been shown to perform better than 
%fPSA for prostate cancer detection 
and may preferentially detect aggressive 
prostate cancer {1228}. A multivariate 
kallikrein model, which incorporates total 
PSA, fPSA, intact PSA, and human glan- 
dular kallikrein 2 (hK2), has also been 


advocated by some investigators {2865} 


Urine markers 


Ag ls a non-coding MRNA. which is 
measurable by quantitative real-lime 
i 11196! This marker is highly over- 

xpressed in prostatic adenocarcinoma 
elative to normal prostate and benign 
prostatic hyperplasia {1196}. In 2012, an 
automated assay was approved by the 
United States Food and Drug Administra- 
tion for use in decision-making regarding 
repeat prostate biopsies when the ini- 
tial biopsy was negative {1057}. Several 
studies have shown the clinical utility of 
PCA3 in improving specificity over total 
PSA and %fPSA for detecting prostatic 
carcinoma {327,869}. Unlike PSA, PCA3 
is not affected by factors such as prostate 
size, prostatitis, or 5-a-reductase inhibi- 
tor therapy {153,1096,2873}. However, 
pecause of problems with determining 
appropriate cut-off levels, the PCA3 test 
cannot replace PSA as an initial screen- 
ing/diagnostic test {2349,2750}. The limi- 
tations of PCA3 testing include its high 
cost, complex measurement procedure, 
and the low sensitivity of relatively high 
scores (> 100) (869,2612}. PCA3 has 
been used in risk-assessment mod- 
els, which can improve predictive value 
(2349}. 


TMPRSS2-ERG gene fusion 

As many as 50% of patients with pros- 
tatic carcinoma show a TMPRSS2-ERG 
gene fusion {822,2186}. A urine RNA as- 
say for TMPRSS2-ERG has been used in 
clinical trials and in risk calculators for 
prostatic carcinoma {1638,2310,2729}. 
Recent studies have combined the PCA3 
and TMPRSS2-ERG gene assays to im- 
prove prostate cancer diagnosis {2392, 
2611}. In one study, urine TMPRSS2-ERG 
fusion transcripts were positively corre- 
lated with clinically significant prostatic 
carcinoma {2729}. 


Imaging 


Ulirasound 

Transrectal ultrasound of the prostate is 
lhe technique of choice in the primary 
diagnostic setting for Ihe assessment 
ol clinical suspicion of prostate cancer 
based on abnormal digital rectal exami- 
Nation and/or elevated or rising serum 
PSA. Despite well-known limitations, 


systematic transrectal ultrasound—guid- 
ea biopsy has significanilly improved the 
diagnostic rate of prostate cancer {2361}. 
However, transrectal ultrasound has limit- 
ed utility for local staging of prostate can- 
cer because of its suboptimal sensitivity 
and specificity for identifying tumour bur- 
den and extraprostatic extension {688, 
2220}. 3D ultrasound, which facilitates si- 
multaneous biplanar imaging of the pros- 
tate with digital reconstructions, improves 
the diagnostic accuracy of hypoechoic 
areas {2219,2662}. Contrast-enhanced 
transrectal ultrasound, performed with 
intravenous injection of contrast agents 
before biopsy in combination with colour 
and power Doppler imaging modalities, 
shows rapid focal enhancement in areas 
of increased vascularity {2219,2361}. 
Contrast-enhanced transrectal ultra- 
sound-guided biopsies have shown sig- 
nificant benefit over systematic biopsies 
for the detection of higher-grade (Glea- 
son score > 7) and high-volume (> 50% 
core involvement) prostate cancer {1105, 
3076}. False-positive results on contrast- 
enhanced transrectal ultrasound are re- 
lated to benign prostatic hyperplasia and 
acute and chronic inflammation. 


MAI 

MRI is a non-invasive imaging modality 
for localizing prostate tumours and deter- 
mining their size and invasiveness {2520}. 
Conventional 1.5 or 3 Tesla MRI reveals 
morphological information using T1- and 
T2-weighted images. On T2-weighted 
images, peripheral zone tumours typical- 
ly show a nodular shape, with uniformly 
low signal. However, a low-intensity sig- 
nal can also be caused by inflammation, 
haemorrhage, and sequelae of radiation 
and hormonal treatment {2520}. In the 
transition zone, cancer detection on 
T2-weighted images is hindered by the 
nodular appearance and highly variable 
signal of benign prostatic hyperplasia. 
MRI-guided biopsy is less invasive and 
is an effective diagnostic tool for patients 
with a clinical suspicion of prostate can- 
cer and previous negative transrectal 
ultrasound—guided biopsies {276,743, 
744}. For lymph node evaluation, the 
ability of MRI to distinguish benign and 
malignant lymph nodes is poor and de- 
pendent on node size {2220,2662}. MRI 
can be used to evaluate prostate cancer 
patients at high risk for bone involvement 
because of its high spatial resolution 
and excellent soft tissue contrast {1607}. 


Fig. 3.03 Prostate cancer. Transrectal ultrasound of a 
prostate, showing a hypoechoic cancer nodule (arrows) 
PZ, peripheral zone; TZ, transition zone. 


Multiparametric MRI, combining conven- 
tional anatomical MRI and functional MRI 
modalities (such as diffusion-weighted 
MRI, dynamic contrast-enhanced MRI, 
and magnetic resonance spectroscopy) 
is emerging as an accurate tool for dif- 
ferentiating prostate cancer from non- 
neoplastic tissue and for identifying clini- 
cally relevant prostate tumours with high 
sensitivity and specificity. Multiparamet- 
ric MRI contributes information useful for 
assessing cancer aggressiveness and is 
gaining an increasing role in detection, 
staging, and management-planning of 
localized and metastatic prostate cancer 
{1330,2520}. 

Fusion of pre-biopsy MRI with real-time 
transrectal ultrasound may improve tar- 
geting of suspicious lesions by combin- 
ing two potentially synergistic imaging 
techniques {2361 ,2568,2570}. Abnormal 
regions suspicious for prostate can- 
cer can be identified and contoured at 
MRI, and the contour data can then be 
transferred to the ultrasound device and 
superimposed on real-time ultrasound 
imaging to improve the targeting of biop- 
sies and facilitate potential MRl-guided 
prostate cancer therapies {276,2378, 
2569}. 


Bone scintigraphy 

Bone scintigraphy (scanning) using 
99mTc-MDP is the most sensitive method 
for assessing bone metastases in prostate 
cancer patients {512,2662,2979}. It can 
be used for primary staging in patients 
considered at high risk for bone metas- 
tasis and in symptomatic patients when 
there is concern of metastatic disease. The 
National Comprehensive Cancer Network® 
(NCCN®) NCCN Clinical Practice Guide- 
lines In Oncology (NCCN Guidelines®) 
recommend bone scans for high-risk pa- 
tients (i.e. those with PSA > 20 ng/mL, 
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Fig. 3,04 Prostate cancer on multiparametric MRI. A Axial T2-weighted image shows a transition zone tumour with low signal intensity (arrow). B In the diffusion coefficient (ADC) 
map, the tumour shows restricted diffusion characterized by low signal intensity (arrow). C On dynamic contrast-enhanced (DCE) image, the tumour shows rapid enhancement and 
clearance of the contrast, which is coded in red (arrow). 


Gleason score 2 8, or pT 2 3) {586, 
1924A,2662}. The extent of metastatic 
disease in the skeletal system can be 
estimated by quantitative measurements 
of tracer uptake or by semiquantitative 
scoring systems of bone scan images. 
Bone scintigraphy offers the advantage 
of whole-body examination, low cost, 
wide availability, and high sensitivity, but 
it has relatively low specificity. The addi- 
tion of single-photon emission CT to bone 
scintigraphy has markedly improved di- 
agnostic accuracy for vertebral lesions, 
but is not widely used {2220}. This com- 
bined imaging approach may also en- 
able better anatomical localization and 
morphological characterization. PET, a 
modality with higher spatial resolution 
than single-photon emission CT, can be 
helpful in detecting small lesions and di- 
agnosing lyti¢ bony metastases, and can 
also be reliably used to monitor therapy 
response {1585}. New molecular tracers 
(e.g. prostate-specific membrane anti- 
gen) may enhance the sensitivity of these 
methods. 


Methods of tissue diagnosis 


Fine-needle aspiration 

Fine-needle aspiration cytology of the 
prostate was relatively widely used for 
diagnosing prostate cancer before the 
contemporary core needle technique 
was developed {823}. However, there are 
many sources of false-positive diagnoses 
of cancer, such as inflammation with re- 
active changes, smearing artefacts, and 
contamination from adjacent organs. It is 
also a major disadvantage that Gleason 
grading cannot be applied, absence of 
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basal cells cannot be confirmed with im- 
munohistochemistry, and tumour extent 
cannot be assessed. Consequently, this 
technique is no longer recommended. 


Needle core biopsy 

Current standard of care is to obtain 
at least 10-12 systematic prostate 
18-gauge core biopsies for diagnosis, 
guided by transrectal ultrasound with ad- 
ditional (targeted) cores from a suspect 
lesion as identified by digital rectal ex- 
amination or imaging. Most commonly, 
biopsies are obtained by a transrectal 
approach, but transperineal biopsies 


Fig. 3.05 Prostatic carcinoma. Bone scan showing 
multiple metastatic lesions. 


may provide the same yield. Saturation 
biopsies, consisting of > 20 cores, are 
taken with a template when suspicion for 
prostate cancer persists despite nega- 
tive biopsies. Extended biopsy sampling 
can also be performed with 12 standard 
systematic core biopsies along with mul- 
tiple cores from imaging targets provided 
by MRI or ulfrasound—MRI fusion. Pros- 
tate core biopsies taken from different 
sites of the prostate are submitted to the 
pathology laboratory in separate vials to 
be processed and reported individually 
{1151}. Ideally, 1-2 (maximum 3) differ- 
entially inked cores may be embedded 
in a single cassette, provided that meas- 
ures are taken to straighten and flatten 
them at the pre-embedding stage of 
processing (1106,2817}. Cutting several 
levels of a biopsy core (at a maximum 
thickness of 4 um) can increase the yield 
of a definite adenocarcinoma diagnosis 
{1106, 1580}. It is recommended practice 
to cut three levels, each about 3-5 sec- 
tions (10-20 um) apart {1106}. Interval 
unstained sections can be produced at 
the time of sectioning for cases in which 
immunostaining may be necessary. 
Compared with additional sections taken 
from the block, interval sections are much 
more likely to retain small foci of concern 
that require additional evaluation {1108}. 


Transurethral resection 

Nowadays, due to the use of various 
medical therapies for the treatment of be- 
nign prostatic hyperplasia, fewer cancers 
are incidentally detected in transurethral 
resection of the prostate tissue chips 
than in the past. Furthermore, alterna- 
tive surgical treatment options, such as 


cryosurgery, microwave therapy, and la- 
sers, may not provide tissue for histologi- 
cal examination. However, transurethral 
resections are still performed in patients 
who fail medical therapy or alternative 
treatment options. Grossly, it is not possi- 
ble to recognize prostate cancer in tran- 
surethral resection of the prostate chips. 
Submission of chips should therefore be 
random, to ensure that the percentage of 
the specimen area involved with cancer 
is representative of the entire specimen. 
Transurethral resection specimens that 
weigh < 12 g should be completely sub- 
mitted, typically in six to eight cassettes 
(2592}. Submission of eight cassettes 
will allow for the identification of almost 
all stage T1b tumours and approximately 
90% of stage T1a tumours {1983,2344}. 
For young men, submission of the entire 
specimen may be considered, to ensure 
detection of all Tia tumours. For speci- 
mens that weigh > 12 g, a base weight 
of 12 g should be submitted plus one 
cassette for every additional 5 g of tissue 
{2592}. If an unsuspected carcinoma is 
found and involves < 5% of the tissue, 
then the remaining tissue should be sub- 
mitted, particularly for a younger individ- 
ual {2592}. 


Open (simple) prostatectomy/ 
enucleation 

Urologists may perform open prostatec- 
tomy for benign prostatic hyperplasia in 
patients with large prostates. A proposed 
method of evaluation is to slice the tissue 
at 3-5 mm intervals. In general, the same 
approach for tissue embedding as for 
transurethral resection specimens can 
be applied, which typically generates 
8-10 cassettes in the absence of visible 
lesions. 


Radical prostatectomy 

Radical prostatectomy, one of the de- 
finitive treatments for clinically local- 
ized prostate cancer, is performed as 
an open, laparoscopic, or robotic pro- 
cedure. Appropriate handling and sys- 
tematic examination of a radical pros- 
tatectomy specimen is essential for the 
identification of tumour characteristics 
such as grade, volume, pathological 
stage, and surgical margin status, which 
guide ongoing patient management and 
prognostic assessment {312,764,2401}. 
Harvesting fresh tissue may be nec- 
essary for research activities, includ- 
ing biobanking and Clinical trials. Fresh 


Fig. 3.06 Needle core biopsy of 
between larger benign glands. B 
benign glands. C Small glands of 


tissue must be obtained as soon as pos- 
sible after surgery 12308,2885,2924) 
Sampling methods iNCluge scraping ar 
shaving of the cut surface and napallsrtte 
opsy from the external Surface (251,402 
986}. Care should be taken to KAS 
that the sampling methog ised does nol 
compromise Ihe accurate histopathologi- 
cal assessment of radical prostatecton 
specimens. 

The prostate gland Should be weighed 
before and after the separation of the 
seminal vesicles. Verticg (basal to api- 
cal), transverse, and sagittal (ante- 
rior to posterior) Measurements of the 
gland length should be recorded. The 
prostate surface Should be inked to facili- 
tate distinction of the sı irgical resection 
margin from any artefact a) margins re- 
sulting from gross dissection in the labo- 
ratory. At least two coloyrg may be used 
fo mark the right and left surface of the 
gland to enable the identification of tu- 
mour laterality. The anterior ang posterior 
surfaces of the gland are usually evident 
histologically. 

The fixative of choice is 499% buffered 
neutral formalin, and the prosiate should 
be fully fixed before Sectioning, Ideally, 
the prostate should be lotally immersed 
in a volume of fixative 29 times the vol- 
ume of the gland for at least 24 hours. 
Basal and apical transverge slices should 
be examined by the Cong method, with 
the amputated prostatic apex and base 


omy 


acinar adenocarcinoma. A Crowded small glands (centre) of adenocarcinoma in 
Linear row of small glands of carcinoma extending across the core, in between large 
adenocarcinoma on both sides of large benign gland (centre). D Prominent nucleoli. 


sliced in the vertical parasagittal plane 
to facilitate visualization of the entire su- 
perior and inferior surfaces of the gland. 
The body of the prostate should be sliced 
at 3-4 mm intervals in a transverse plane 
perpendicular to the rectal surface {312, 
764,2401}. Whole mounts or standard 
blocks can be used and provide equiv- 
alent information {2394}. Each seminal 
vesicle should be sliced. A critical slice 
should include the junction with the base 
of the prostate and associated soft tissue 
{2402}. All submitted lymph nodes and 
fat must be completely sampled {2192}. 

Total embedding of the prostate is ideal. 
A variety of partial embedding methods 
have been proposed, with method se- 
lection depending on clinical stage and 
the extent and position of the tumour 
determined by gross inspection (229, 
1285,2465}. It has been shown that with 
submission of grossly visible stage T2 
(palpable) cancer, along with standard 
sections of the proximal and distal mar- 
gins, the base of seminal vesicles, and 
the most apical section, 96% of positive 
surgical margins and 91% of instances 
of extraprostatic extension are detected, 
compared with complete embedding 
{2465}. For grossly invisible tumours, an 
optimal method entails embedding every 
posterior section and one mid-anterior 
section from the right and left sides of the 
gland. If either of the anterior sections 
had sizable tumour, all anterior slices 
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should be blocked in a second step. This 
method detected 98% of tumours with 
Gleason score > 7, 100% of positive mar- 
gins, and 96% of cases with extraprostat- 
ic extension {2465}. If partial embedding 
is used, the specific method should be 
indicated in the histopathology report. 


Tumour spread 

The spread of prostatic carcinoma in- 
volves both infiltration of local tissues and 
metastatic spread via lymphatics and 


Fig. 3.08 Prostatic adeno 
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carcinoma, bony metastasis. A Plain film of ost 


ALAA 
prostatic adenocarcinoma in a lymph node. 


blood vessels. The infiltration of peripros- 
tatic fat is clear evidence of extrapros- 
tatic extension, but such extension may 
also be recognized by the presence of 
tumour-associated desmoplastic stroma 
bulging beyond the prostatic contour 
or beyond condensed prostatic smooth 
muscle {1758}. Early direct extension of 
tumour into periprostatic fat is often as- 
sociated with perineural invasion, which 
itself has been suggested as a pathway 
for spread of tumour beyond the prostate 
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{1876}. Direct tumour spread may also 
involve the seminal vesicles through ex- 
tension along the ejaculatory duct (type 
1) or through extraprostatic extension at 
the base of the gland (type 2); in these 
instances, tumour infiltrates in continuity. 
Very rarely, discontinuous infiltration of 
the seminal vesicle (type 3) may be seen, 
resulting from spread by lymphovascular 
invasion {2063}. A diagnosis of seminal 
vesicle invasion requires infiltration of the 
muscular wall {245}. Advanced tumours 


eoblastic metastasis of prostatic adenocarcinoma, with fracture of humerus, B Osteoblastic metastasis 


of prostatic adenocarcinoma, with thickened bony trabeculae. C Prostatic adenocarcinoma in bone marrow, with fibrogenic response. D Gross appearance of a cross-section of 
humerus with osteoblastic prostatic adenocarcinoma (same case as shown in A). 
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may show direct involvement of pelvic 
soft tissues, urinary bladder, and rectum 
Direct infiltration of the rectum is rarely 
seen, due to the relative thickness of the 
rectoprostatic fascia along the posterior 
border of the prostate, which acts as an 
impediment to tumour spread {1758, 
2869}. 

Metastatic spread to regional lymph 
nodes and distant sites occurs second- 
arily to lymphovascular or venous inva- 
sion, which may be intraprostatic or ex- 
traprostatic, Prostatic adenocarcinoma 
has a propensity to metastasize to the 
lymph nodes and bone. Regional lymph 
node involvement is seen in 5-12% of 
patients with clinically organ-confined 
disease {379}. Three pathways of lym- 
phatic spread have been identified: (1) 
laterally to the iliac nodes, (2) inferiorly 
to the pudendal and iliac nodes, and (3) 
posteriorly to the presacral nodes {353}. 
Beyond this, tumour may spread to the 
lateral sacral, common iliac, and para- 
aortic nodes. In surgical series of pa- 
tients with metastatic disease, the distri- 
bution of nodal involvement is as follows: 
common iliac (12%), external iliac (46- 
67%), internal iliac (46-48%), obturator 
(33-52%), and presacral nodes (4-7%) 
{1152,1297,2932}. The obturator and 
hypogastric lymph nodes are the first to 
be involved, followed by the external iliac 
lymph nodes. Rarely, there may be in- 
volvement of microscopic periprostatic / 
peri-seminal vesicle lymph nodes; these 
lymph nodes are found in < 5% of radical 
prostatectomy specimens {1501}, 
Advanced prostatic carcinoma may me- 
tastasize to a wide variety of organs. In 
a series of 74 826 patients with meta- 
static disease, metastases were present 
in bone (84.4%), distant lymph nodes 
(10,6%), liver (10.2%), thorax (9.1%), 
brain (3.1%), digestive system (2.7%), 
retroperitoneum (1.8%), and kidney and 
adrenal gland (1.0%). Multiple metastatic 


Sites were presen! in 18.4% of patients 
Mulliple metastases to alley organs were 
more commonly observed (in 43-76% al 
cases) in patients with visceral involve 
ment than in patients with bone metasta 
ses, in whom involvement of oliver organis 
was seen in only 19.4% of cases |9431. 


Clinical staging 

It is important to distinguish clinical stag- 
ing from pathological staging. Pathologi- 
cal staging is performed by assessment 
of radical prostatectomy tissues. Clini- 
cal staging begins after a histological 
diagnosis of prostatic carcinoma is es- 
tablished. The clinical modalities most 
commonly used to assign clinical stage / 
prognostic groups are digital rectal ex- 
amination, radiological imaging, total 
serum PSA, Gleason score, and surgical 
lymphadenectomy {759}. Clinical stage 
is directly related to outcome of prostate 
cancer 


Macroscopy 

The cut surface of adenocarcinoma of 
the prostate is variable. The tumours that 
are grossly recognizable are firm; mac- 
roscopically discrete; and tan, white, or 
yellow in colour. Other tumours consist of 
lesions that subtly encroach on the fibro- 
muscular tissue separating transition and 
peripheral zones or distort the prostatic 
capsule. Some tumours are grossly inap- 
parent {1853,2296}. Most PSA-detected 
clinical Tic tumours are not grossly vis- 
ible. Compared with anterior/transition 
zone tumours, in which admixed benign 
prostatic hyperplasia may obscure the 
cancer, tumours in the posterior/lateral 
peripheral zone may be more easily rec- 
ognized, due to their contrast with the tan, 
spongy benign parenchyma {1101}. The 
infiltrative nature of prostatic adenocarci- 
noma is such that tumours typically ex- 
tend beyond their macroscopic borders. 


Fig. 3.10 Gross appearance of adenocarcinoma. A Subtle right posterior peripheral zone adenocarcinoma. B Multiple nodules of adenocarcinoma in the transitid 


Prostate. C Adenocarcinoma in the anterior prostate. Reprinted from Epstein et al. {807A}. 


Fig. 3.09 Prostatic acen, 
of adenocarcinoma of t 
wilh a solid white cul s 
al, {807A}. 
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Histopathology 


General principles of lagnosing 
carcinoma 

The histological diagnosis of adenovatr- 
cinoma of the prostate js based on a 
methodical evaluation revealing micro 
scopic features that ar® more common in 
prostate cancer than in benign glandular 
proliferations, along with an absence of 
features that might falsely suggest car- 
cinoma {802,1264,2844) The diagnosis 
of cancer should always be based on a 
constellation of features rather than rely- 
ing on any one criterion alone. 


Architectural features 

Architecturally, the finding of crowded 
small glands is suspicious but not di- 
agnostic of carcinoma. A more specific 
feature of carcinoma is the presence 
of either a linear row of atypical glands 
spanning the width of the core or small 
atypical glands on both sides of a benign 
gland. Mimickers of cancer may appear 
infiltrative, as a collection of glands be- 
tween benign glands, but they do not 
intercalate as isolated glands between 
and around benign glands. It is uncom- 
mon for a diagnosis of limited tumour 
to be based solely On the architectural 
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pattern without some cytological features 
of malignancy. 


Nuclear features 

The most widely recognized cytological 
feature of prostate adenocarcinoma is 
prominent nucleoli; however, although 
this feature is important in the diagnosis 
of cancer, it should not be the sole criteri- 
on used to establish the diagnosis. Prom- 
inent nucleoli may be seen in various 
mimickers of cancer and are not seen in 
all cases of prostate cancer on needle 
biopsy {802,2844}. A lack of prominent 
nucleoli may reflect a sampling problem; 
for example, if areas of the tumour with 
prominent nucleoli are not biopsied or are 
overstained, or if thick sections obscure 
nuclear detail. Some adenocarcinomas, 
such as foamy gland adenocarcinomas 
and low-grade (Gleason score 4 and 5) 
transition zone adenocarcinomas, some- 
times lack prominent nucleoli. Multiple 


Fig. 3.1 


1 Adenocarcinoma. A Small glands of adenocarcinoma (right) have a 


nucleoli or peripherally located nucleoli 
are not useful features in the diagnosis 
of adenocarcinoma of the prostate {163}. 
Additional nuclear features that are more 
common in cancer than in benign glands 
are nuclear enlargement and hyperchro- 
masia. Mitotic figures are more common 
in carcinoma than in benign glands but 
are only seen uncommonly on needle bi- 
opsy in limited carcinomas with a Glea- 
son score of 6 {802,1264}. Mitotic fig- 
ures are more common in the setting of 
high-grade prostate cancer, but in these 
cases the diagnosis is typically not chal- 
lenging {28,2863}. Apoptotic bodies are 
seen in approximately 1 in 3 small foci of 
cancer sent in for consultation {163}. Ap- 
optotic bodies are next most prevalent in 
high-grade PIN (seen in 13% of cases) 
and are uncommon in normal glands 
and benign mimickers of cancer (seen in 
< 3% of cases). 


mphophilic cytoplasm and enlarged nuclei with visible nucleoli, compared with benign glands (left). 


Cytoplasmic features 

In addition to nuclear features, cyto- 
plasmic features can also be useful in 
the diagnosis of adenocarcinoma of 
the prostate. Prostate cancer may show 
more amphophilic cytoplasm than the 
surrounding benign glands, which have 
pale to clear cytoplasm {802}. Abundant 
cytoplasm with straight luminal borders 
in larger glands is also a feature of can- 
cer; comparably sized non-atrophic be- 
nign glands tend to have papillary infold- 
ing and luminal undulations. 


/ntraluminal contents 

Luminal contents can also aid in the di- 
agnosis of prostatic adenocarcinoma. 
Prostatic crystalloids are dense eosino- 
philic crystal-like structures that appear 
in various geometric shapes such as rec- 
tangular, hexagonal, triangular, and rod- 
like structures {802,2327}. Crystalloids, 
although not diagnostic of carcinoma, 
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B Large hyperchromatic nuclei in small glands of adenocarcinoma, compared with benign glands (right). C With mitotic figure (arrow) and apoptotic body (arrowhead). D Prostatic 
adenocarcinoma, Showing dense eosinophilic crystalloids. E Crowded glands of adenocarcinoma (centre) with dense eosinophillc secretions; the surrounding benign glands lack 
secretions, F With mucinous fibroplasia (collagenous micronodule). G Crowded glands of adenocarcinoma with a straight luminal border. H Showing glomerulations. | Carcinoma. 
Perineural invasion with carcinoma glands thathave amphophilic cytoplasm and blue mucinous secretions partially encircling nerves. 
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are more commonly found in cancer than 
in benign glands. The only condition that 
mimics cancer in which crystalloids are 
often seen is adenosis, which consists of 
a lobule of pale-staining glands. If crys- 
talloids are seen in small glands with an 
infiltrative appearance in between be- 
nign glands, where adenosis is not in 
the differential, they may help to estab- 
lish a diagnosis of cancer. The finding 
of prostatic crystalloids in benign glands 
does not indicate an increased risk of 
cancer on subsequent biopsy {1165}. 
Other diagnostic intraluminal criteria are 
blue-tinged mucinous and pink dense 
amorphous acellular secretions, seen 
either alone or in combination {802}. 
Histochemical stains for mucin are not 
discriminatory between cancer and be- 
nign mimickers {810}. These amorphous 
secretions should be distinguished from 
corpora amylacea, which are well-cir- 
cumscribed round to oval structures with 
concentric lamellar rings that are promi- 
nent in benign glands and uncommonly 
seen in carcinoma {521). 


Stromal response to carcinoma 

Most prostate carcinomas lack a promi- 
nent desmoplastic reaction or inflam- 
matory response, However, if stromal 
reaction is seen, it is typically associated 
with high-grade carcinoma. Retraction 
artefact is more commonly seen around 
prostate cancer glands but is not entirely 
specific for malignancy {1528}. 


Features specitic to malignancy 

There are three features that have not (to 
date) been identified in benign glands, 
and that are in and of themselves diag- 
nostic of cancer: mucinous fibroplasia 
(collagenous micronodules), glomeru- 
lations, and perineural invasion. Mu- 
cinous fibroplasia consists of delicate 
loose fibrous tissue with an ingrowth of 
fibroblasts often associated with intralu- 
minal blue mucinous secretions {173}. 
Glomerulations consist of glands where 
cribriform formations are attached to 
only one edge of the gland, resulting in 
a structure superficially resembling a 
glomerulus {173}. Perineural invasion by 
carcinoma can manifest as tumour either 
tracking along a nerve or encircling a 
nerve to various degrees. Perineural in- 
dentation by benign prostate glands can 
be seen partially wrapping around, abut- 
ting, and (less commonly) within a nerve 
{53}, Occasionally, cancer glands with 


perineural invasion have a peculiar ten- 
dency to resemble a benign hyperplastic 
gland, a condition that has heen desig- 
nated pseudohyperplastic perineural in- 
vasion {2557). For perineural involvement 
to be used as the key diagnostic feature 
to establish malignancy in a given case, 
complete circumferential growth around 
the nerve must be evident, particularly if 
the glands have cytological and archi- 
tectural features more typically associ- 
ated with benign glands. If the diagnosis 
of cancer is established based on other 
criteria, then the diagnosis of perineural 
invasion for prognostic purposes can 
be made with less stringent criteria, in- 
cluding perineural tracking, intraneural 
involvement, and less than total circum- 
ferential growth. 


/dentiication of basal cells 

The problem with identifying basal cells 
on H&E-stained sections is that, in cases 
of obvious carcinoma, there may be cells 
that closely resemble basal cells. These 
cells are negative for basal cell markers 
and are in fact fibroblasts closely ap- 
posed to the neoplastic glands. Conse- 
quently, in a focus that is architecturally 
consistent with cancer and has other fea- 
tures Supportive of the diagnosis of car- 
cinoma visible at higher power, a search 
for basal cells by light microscopy may 
be counterproductive. Because of the 
difficulty in distinguishing basal cells 
from fibroblasts, and because of prob- 
lems with stratification of neoplastic nu- 
clei due to tangential sectioning or thick 
sections and pyknotic carcinoma nuclei 
thatcan simulate basal cells, immunohis- 
tochemistry may be necessary to more 
definitively identify basal cells. 


Diagnosis of adenocarcinoma on 
transurethral resection 

The most useful feature for diagnosing 
lower-grade adenocarcinoma in chips 
from transurethral resection is the rec- 
ognition of cancer’s architectural growth 
pattern as seen at relatively low mag- 
nification. Nucleoli may not always be 
present or may be obscured by cautery 
artefacts {1515}. Benign prostatic glands 
tend either to grow as circumscribed nod- 
ules within benign prostatic hyperplasia 
or to radiate out in linear columns from 
the urethra. In contrast, adenocarcinoma 
of the prostate has a haphazard growth 
pattern. Although low-grade carcinoma 
tends to be fairly well circumscribed, the 


glands infiltrate for a short distance in 
different directions out into the prostatic 
stroma. Glands oriented perpendicular 
to each other and glands separated by 
bundles of smooth muscle are indicative 
of an infiltrative process. 


/mmunophenotype 


Immunohistochemistry is a valuable di- 
agnostic tool in selected prostate cases. 
Such marker studies should always be 
interpreted in the context of histomorpho- 
logical, radiological, and clinical findings. 
There are several specific diagnostic 
situations in which immunohistochem- 
istry may be indicated {808}: diagnosis 
of limited (minimal) adenocarcinoma on 
needle biopsy, discrimination of poorly 
differentiated prostatic carcinoma from 
urothelial carcinoma, discrimination of 
high-grade adenocarcinoma of the pros- 
tate from granulomatous prostatitis / xan- 
thoma, discrimination of high-grade ade- 
nocarcinoma of the prostate from urinary 
bladder adenocarcinoma, discrimination 
of high-grade adenocarcinoma of the 
prostate from colorectal adenocarcino- 
ma, and diagnosis of metastatic adeno- 
carcinoma of the prostate. 


Diagnosis of limited (minimal) 
adenocarcinoma on needle biopsy 

The most commonly used and valuable 
adjunctive study for the confirmation of 
a diagnosis of small adenocarcinomas 
(measuring < 1 mm or involving < 5% of 
needle core tissue) is immunohistochemis- 
try with antibodies directed against basal 
cells {808,1106}, because basal cells are 
absent in invasive adenocarcinoma of the 
prostate, with rare exceptions, Antibodies 
reactive with high—molecular weight cy- 
tokeratins (such as 34BE12, also known 
as CK903) and p63 are the most widely 
used. p40, an isoform of p63, is generally 
comparable to p63 for labelling basal cells 
{2388}. These antibodies may be used 
singly or combined in a cocktail known 
as a triple stain, containing antibodies 
for AMACR (also called P504S and race- 
mase), p63, and 34BE12. Of importance, 
loss of basal cells is non-specific for car- 
cinoma and may be observed in benign 
pseudoneoplastic conditions, particularly 
atrophy (and particularly partial atrophy) 
and adenosis {344,1106}. Additionally, 
rare cases of acinar adenocarcinoma are 
positive for basal cell markers, in a non-ba- 
sal distribution, and rare cases of invasive 
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acinar adenocarcinoma are p63-positive 
and molecularly distinctive {971,2673}. 
AMACR is a positive marker for adeno- 
carcinoma of the prostate, and its over- 
expression is selective and sensitive 
in the detection of neoplastic prostatic 
glandular epithelium; 80-100% of acinar 
adenocarcinomas are positive, with char- 
acteristic granular cytoplasmic staining, 
sometimes with luminal accentuation. 
AMACR immunostaining should be per- 
formed in conjunction with basal cell 
staining, because AMACR is expressed 
in most cases of high-grade PIN, and 
therefore cannot distinguish between 
non-invasive and invasive neoplastic 
epithelium. AMACR expression is non- 
specific for neoplastic prostatic glandu- 
lar cells; benign mimickers of prostate 
carcinoma, including atrophy, adenosis, 
and nephrogenic adenoma, may also be 
positive. Normal benign glands may be 
positive, but the staining in these cases 
is focal and non-circumferential in the 
glands. 

ERG protein expression is highly spe- 
cific for neoplastic prostatic glandular 
epithelium, but has a sensitivity of only 
about 50% and provides no added value 
beyond basal cell markers and AMACR 
expression for diagnosing minimal ad- 
enocarcinoma {100}. 
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Fig. 3.12 A,B Adenocarcinoma. Immunohistochemistry with triple stain in adenocarcinomas with Gleason scores of 


Poorly differentiated prostatic Carcinoma 
versus urothelial carcinoma 

The best markers to address this dif- 
ferential diagnosis are PSA and GATA3 
{808}. PSA is positive in 90-95% of high- 
grade (Gleason score 8-10) adenocar- 
cinomas of the prostate and negative 
in urothelial carcinomas. GATAS, a zinc 
finger transcription factor, is positive in 
80% of high-grade urothelial carcinomas 
and almost always negative in prostatic 
adenocarcinoma. Antibodies against 
high-molecular weight cytokeratins and 
p63 can be used as second-line mark- 
ers for urothelial carcinoma. If the PSA 
immunostain and the urothelial carcino- 
ma markers are negative, then staining 
for the prostatic markers prostein (also 
known as P501S, a plasma membrane 
protein) and NKX3.1 (a homeobox-con- 
taining transcription factor) may be per- 
formed {808}. 


High-grade adenocarcinoma of 

the prostate versus granulomatous 
prostatitis /xanthoma 

Immunostains for pancytokeratins (using 
antibodies AE1/AE3 and CAM5.2) detect 
prostatic adenocarcinoma cells, and a 
CD68 immunostain marks histiocytes. 
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6 (3 + 3; A) and 8 (4 + 4; B), showing overexpression of AMACR in neoplastic prostatic epithelial cells (red) and basal 
cells as detected by binding of 348£12 and p63 antibodies (brown); invasive adenocarcinoma displays red staining 


and complete absence of brown staining; benign prostatic glands display brown staining only. C,D Bony metastasis of 


prostatic adenocarcinoma. Prostatic markers in immunohistochemistry: prostate-specific antigen immunoreactivity (C) 


and prostein immunoreactivity (D). 
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Table 3.01 Histological features that are more common 
in adenocarcinoma than in benign glands 


Table 3,02 Histological features that are more 
common in mimickers of adenocarcinoma than in true 
adenocarcinoma 


* Merging with benign glands (a key feature of 
adenosis) 


* Inflammation 


in prostatic intraepithelial neoplasia with assoc 
atypical small acini) 


High-grade adenocarcinoma of 

the prostate versus urinary bladder 
adenocarcinoma 

In this setting, the markers for high-grade 
prostatic adenocarcinoma are PSA, pros- 
tatic acid phosphatase, and prostein. 
PSA and prostatic acid phosphatase 
monoclonal antibodies have high sensi- 
tivities (90-95%) for high-grade (Gleason 
score 8-10) prostatic adenocarcinomas 
and do not react with bladder adenocar- 
cinoma, but immunoreactivity with blad- 
der adenocarcinoma can occur with PSA 
and prostatic acid phosphatase poly- 
clonal antibodies. The urinary bladder 
adenocarcinoma markers recommended 
in this setting are villin, thrombomodulin, 
CDX2, and carcinoembryonic antigen 
(using a monoclonal antibody), with sen- 
sitivities of 47-65% for bladder adeno- 
carcinoma, and with expression present 
in < 5% of prostatic adenocarcinoma 
cases {808}. 


pigit grade adenocarcinoma of 

ing prostae versus colorectal 

ydenocal coma 

re prostatic rnarkers PSA, prostatic 
id ehosphatase, prostein, and NKX3. 1 

ye negative in colorectal adenocarcino- 

ma. Vilin and CDX2 are sensitive mark- 

ars for colorectal adenocarcinoma and 

are rarely posilive in prostatic adenacar- 

cinoma {808}. 


Diagnosis of metastatic adenocarcinoma 
of the prostate 

PSA, prostatic acid phosphatase, pros- 
tein, and NKX3.1 immunostains are all 
highly sensitive in diagnosis of metastat- 
ic prostatic adenocarcinoma, with each 
of the four markers displaying > 94% 
sensitivity {808,1093}. PSA and pros- 
tatic acid phosphatase expression can 
be decreased after androgen depriva- 
tion therapy, and prostein and NKX3.1 
can be of use in such cases. PSA and 
prostatic acid phosphatase are not ab- 
solutely specific for prostatic carcinoma 
{2843}. PSA immunoreactivity has been 
observed mainly in salivary gland neo- 
plasms, and prostatic acid phosphatase 
immunostains can be positive in salivary 
gland neoplasms and neuroendocrine 
lumours. Prostein staining has been de- 
tected in urinary bladder adenocarcino- 
mas, but the staining is not the character- 
istic granular perinuclear pattern {1581}. 
NKX3.1 expression is highly specific for 
prostatic adenocarcinoma {1093}. Pros- 
tatic markers of limited diagnostic utility, 
due to sensitivity and/or specificity prob- 
lems, include prostate-specific mem- 
brane antigen, ERG, AR, and AMACR. 
AMACR expression, for example, has 
been reported in a wide variety carcino- 
mas, including urothelial carcinoma, re- 
nal cell carcinoma, colorectal carcinoma, 
and lung adenocarcinoma. 


Histological variants 


Histological variants of acinar adenocar- 
cinoma can be of significance, due to dif- 
ficulty in diagnosis and due to prognostic 
differences compared with usual acinar 
adenocarcinoma {1253}. Variants that 
Can be a challenge to diagnose include 
the deceptively benign-looking atrophic, 
Pseudohyperplastic, microcystic, and 
foamy gland variants. The signet ring- 
like, pleomorphic giant cell, and sarco- 
Matoid variants have a worse prognosis 
than does usual acinar adenocarcinoma. 


Atropohic variant 
Pala ee aclenocarcinoma, de- 
ne@ as maligna 
plasmic VaR fon al i EHD 
A : i OUR in 
a Sporadic setting and after radiation or 
hormonal therapy. Sporadic atrophic ad 
enocarcinoma is found in 2% of needle 
core cases of prostatic adenocarcinoma 
and in 16% of whole glands with adeno- 
carcinoma {762,1364}. It is typically ad- 
mixed with usual acinar adenocarcino- 
ma, which displays a moderate amount 
of cytoplasm. Atrophic pattern adeno- 
carcinoma has an infiltrative growth pat- 
tern {529} and is often Gleason pattern 3, 
being composed of single and separate 
glands. Atrophic pattern adenocarcino- 
ma glands may resemble benign atroph- 
ic glands. It may be difficult to establish 
a diagnosis of malignancy when nuclei 
are flattened such that prominent nuclei 
or nuclear enlargement may not be evi- 
dent. A search for adjacent non-atrophic 
malignant glands with significant nuclear 
atypia is then important. Immunostaining 
for AMACR is positive in 70% of cases 
{841}, and basal cells are absent {1364}. 
The presence of atrophic features in pros- 
tatic adenocarcinoma is not likely to be 
of prognostic significance, because ad- 
enocarcinomas with and without such 
atrophic change do not differ in Gleason 
grade or pathological stage {1364}. 


Pseudohyperplastic variant 

Pseudohyperplastic adenocarcinoma 
can simulate the appearance of pros- 
tatic luminal cell epithelial hyperplasia, 
as seen in benign prostatic hyperplasia 
Microscopically, the architectural growth 
patterns include papillary infoldings, lu- 
minal undulations, and branching [1254, 
1636}. A nodular configuration may be 
seen, and there is an infiltrative compo- 
nent in only in a minority of cases. The 
tumour may be present in the transition 
and/or peripheral zone. In radical pros- 
tatectomy tissues, there is almost always 
associated usual small acinar adenocar- 
cinoma, although in needle core tissues, 
up to 90% of the adenocarcinoma may be 
pseudohyperplastic {1636}. The nuclei 
are rounded, are not pseudostratified, 
and harbour prominent nucleoli. AMACR 
is overexpressed in 77% of cases {3087}, 
and basal cells are completely absent as 
assessed by immunohistochemistry. In 
one study, HOXB13 G84E-related famil- 
ial prostate cancers commonly showed 
pseudohyperplastic features {2554}. The 
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assigned Gleason pattern for pseudohy- 
perplastic adenocarcinoma is 3. Meta- 
stalic prostatic adenocarcinoma with 
pseudohyperplastic features has been 
reported {1254} The prognosis for can- 
cers with pseudohyperplastic attributes 
is not certain, but is likely favourable; 
pathological stage is not significantly 
different for prostatic adenocarcinomas 
with and without pseudohyperplastic fea- 
tures (1254}. 


Microcystic variant 

Acinar adenocarcinoma may be of in- 
termediate glanc! size with cystic dilata- 
tion {3@15]. About 11% of usual acinar 
adenocarcinomas exhibit microcystic 
foci in radical prostatectomy cases. Mi- 
croscopically, the glands are on average 
10 times the size of usual small acinar ad- 
enocarcinoma glands and typically show 
rounded profiles and a flat luminal cell 
lining layer. The neoplastic lining cells 
may show cytoplasmic volume loss and 
have an atrophic appearance, simulating 
benign cystic atrophy. Almost all cases 
demonstrate AMACR overexpression 
and all glands lack basal cells in immu- 
nohistochemical analysis using p63 and 
high-molecular weight cytokeratin mark- 
ers. The assigned Gleason pattern is 3. 


Foamy gland variant 

Foamy gland adenocarcinoma is typical- 
ly found as a component of acinar carci- 
noma (in 16-22% of cases) and is only 
rarely pure (in 0.2-2% of cases) {1246, 
1472,2926}. Patient age and preopera- 
tive PSA level are similar to those in pa- 
tients with non-foamy gland carcinomas 
{1246}. Histologically, foamy gland ad- 
enocarcinoma is characterized by abun- 
dant foamy/xanthomatous cytoplasm 
{2801}, often admixed with a non—foamy 
gland carcinoma component (1246, 
1472,2926}. In most cases, both foamy 
and non-foamy cells are found within the 
same case {1246}. The nuclei of foamy 
gland adenocarcinoma are often pyknot- 
ic (small, round, and densely hyperchro- 
matic), without nuclear enlargement or 
prominent nucleoli; however, numerous 
prominent nucleoli are present in 33% 
of foamy gland adenocarcinomas with a 
Gleason score of 7 (16%) or above (52%) 
{3077}. The most common Gleason score 
associated with foamy gland carcinoma 
is 7 (seen in 60% of cases), followed by 
6 (32%), 8 (3%), and 9-10 (5%) {1246}. 
Foamy gland and non-foamy gland 
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Fig. 3.13 A Atrophic variant of acinar adenocarcinoma. Atrophic maligna! 


nt glands with cytoplasmic volume loss are admixed with a few usual acinar adenocarc 
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a moderate amount of cytoplasm. B Pseudohyperplastic variant of acinar adenocarcinoma. Complex malignant glands with papillae and branching simulate benign epithelial 
hyperplasia (benign prostatic hyperplasia). C Foamy gland adenocarcinoma. This case, which has a Gleason score of 6 (3 + 3), displays abundant foamy cytoplasm and pyknotic 
nuclei. D Mucinous adenocarcinoma of the prostate. E Radiation effect. Showing tumour cells with prominent vacuolated cytoplasm and an adjacent benign gland with a multilayered 
epithelium, including markedly atypical benign epithelial cells. F Androgen deprivation effect. Showing tumour cels (occurring both as single cells with round nuclei and clear 
cytoplasm and as a cancer gland) and a benign gland with a prominent rim of basal cells. 


carcinoma components within the same 
tumour often have similar Gleason scores 
{1246}. Foamy gland carcinomas with a 
Gleason score of 2 7 tend to have a des- 
moplastic stroma reaction (seen in 33% 
of cases) {8077}. TMPRSS2-ERG gene 
fusion is seen in 29% of foamy gland ad- 
enocarcinomas {1109}. ERG protein is 
immunohistochemically detected in 42% 
of cases {2926}. AMACR is an excellent 
diagnostic marker for foamy gland car- 
cinoma {2926}. Foamy gland carcinoma 
has a similar’ prognosis to that of non- 
foamy gland carcinoma {1246}. 


Mucinous (colloid) variant 

ICD-O code 8480/3 
Mucinous adenocarcinoma is defined as 
a tumour of which at least 25% has extra- 
cellular mucin pools. Therefore, this is a 
diagnosis that can be made reliably only 
on radical prostatectomy specimens. Tu- 
mours with this morphology on biopsy 
may be described as adenocarcinoma 
with mucinous features. On the basis of 
this criterion, approximately 0.2% of pros- 
tatic adenocarcinomas are diagnosed as 
mucinous adenocarcinoma {812,1047, 
2330}. These tumours have no specific 
epidemiological features. The cut sur- 
face of the prostate gland can have a 
mucinous appearance when the extra- 
cellular mucin constitutes a large portion 
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of the tumour. Histologically, the tumour 
is composed of individual glands, fused 
glands, and cribriform nests floating in 
large mucin pools and lakes. The individ- 
ual tumour cells have the usual features 
of acinar adenocarcinoma, being polygo- 
nal to low columnar with pale eosinophilic 
to amphophilic cytoplasm. Mucin stains 
highlight the mucin, but cytoplasmic 
mucin is generally not seen {2330}. Col- 
lagenous micronodules can be present 
{1851}. Grade is determined by ignoring 
the mucin and applying the usual Glea- 
son criteria to the underlying architec- 
ture. Most cases are assigned Gleason 
scores of 7 or 8. Immunohistochemistry 
is similar to that of usual acinar adeno- 
carcinoma, with positive immunoreactiv- 
ity for prostate-specific markers {525, 
1581}. ERG expression is similar to that 
of usual acinar adenocarcinoma {1329}. 
Although early reports found these to 
be aggressive tumours {812,2330}, data 
published more recently suggest that 
they may have a better prognosis than 
that indicated by the assigned Gleason 
score {1579,2101}. In a SEER database 
study, mucinous adenocarcinoma had 
a survival similar to that of usual adeno- 
carcinoma but superior to those of other 
adenocarcinoma variants {1784}. 


Signet ring-like cell variant 

ICD-O code 8490/3 
Vacuoles may be seen in any Gleason 
pattern; however, when vacuoles are 
seen in single cells of Gleason pattern 
5, the tumour may resemble a true sig- 
net ring cell carcinoma. Signet ring-like 
carcinoma of the prostate is rare, with 
an estimated incidence of 30 cases per 
100 000 cases of prostate cancer {2923}. 
Unlike signet ring cells, these cells have 
empty vacuoles that lack intracellular 
mucin {2329}. The clinical presentation 
is similar to that of conventional pros- 
tatic adenocarcinoma {1069,1075,1253, 
2329,2389}. The diagnosis requires that 
at least 25% of the tumour be composed 
of signet ring-like cells. This is a highly 
aggressive tumour, with a mean survival 
of only 29 months {2923}. A major differ- 
ential diagnostic consideration is metas- 
tasis or secondary involvement of signet 
ring carcinoma from the gastrointestinal 
or urothelial tract. Unlike gastrointestinal 
signet ring carcinomas, signet ring-like 
carcinomas of the prostate are positive 
for prostate-specific markers. Signet 
ring-like changes in lymphocytes or stro- 
mal cells may also resemble signet ring 
adenocarcinoma of the prostate; howev- 
er, these cells are negative for PSA, pros- 
tatic acid phosphatase, and AMACR. Pa- 
tients who are treated with a combination 
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Fig. 3.14 A Signet ring-like adenocarcinoma of the prostate. B Acinar adenocarcinoma. With intraluminal wispy blue 


mucin. C Microcystic variant of acinar adenocarcinoma. Cystically dilated malignant glands can simulate benign glands 
with cystic change. D Acinar adenocarcinoma. Gleason score 6 (3 + 3), with a few tangentially sectioned glands (arrow) 


mimicking poorly formed glands. 


of surgery and hormonal therapy tend to 
have a better outcome {695,1075,2923}. 


Pleomorphic giant cell variant 

The pleomorphic giant cell variant is an 
exceptionally rare variant of adenocarci- 
noma with giant, bizarre, anaplastic cells 
containing pleomorphic nuclei and lack- 
ing a spindle cell component. This mor- 
phology may resemble that of pleomor- 
phic urothelial carcinoma {1707,2157). 
The mean patient age at diagnosis is 65 
years (ranging from 45 to 77 years). Fewer 
than 10 cases have been reported {1707, 
2157). Marked pleomorphism is present 
in 5-70% of the tumour, and atypical mi- 
toses may be seen. Admixed convention- 
al adenocarcinoma with a Gleason score 
of 9 is present in all cases of pleomorphic 
giant cell adenocarcinoma {1707,2157}. 
Focal small cell neuroendocrine carci- 
noma, squamous cell carcinoma, and 
ductal adenocarcinoma have been ob- 
served in some cases. Pleomorphic giant 
cells are reported to be DNA aneuploid 
and immunoreactive for cytokeratins us- 
ing AE1/AE3 and/or CAMS5.2 antibod- 
ies; about 50% of cases are positive for 
PSA. Staining for PSA in the conventional 
prostate carcinoma component is vari- 
able (ranging from 1% to 100%) {1707, 
2157}. Some patients have a history of 
conventional prostate cancer treated 
with hormone or radiation therapy before 


the diagnosis of pleomorphic giant cell 
adenocarcinoma {2157}. Primary giant 
cell carcinoma should be distinguished 
from sarcomatoid carcinoma exhibiting 
occasional pleomorphism and tumours 
with osteoclast-type or trophoblastic gi- 
ant cells, as well as from metastases. The 
disease course is very aggressive. 


Sarcomatoid variant 

ICD-O code 8572/3 
Sarcomatoid carcinoma (also called car- 
cinosarcoma): is a biphasic malignant 
neoplasm exhibiting epithelial and mes- 
enchymal differentiation {742,1115,2274, 
2496}. Some sarcomatoid carcinomas 
display an intimate mixture of a sarcoma- 
toid component and typical adenocarci- 
noma {2496}. A recent molecular study 
demonstrated that both elements are of 
the same clonal origin {2286}. Sarcoma- 
toid carcinoma patients tend to be older 
men (with a mean age of 68 years and 
a range of 32-91 years) {924,1115}. Ap- 
proximately half of the patients have a 
history of acinar adenocarcinoma treated 
with radiation and/or hormone therapy 
{742,1115}. Therefore, it is hypothesized 
that the mesenchymal component repre- 
sents an evolution of the epithelial com- 
ponent. Microscopically, the epithelial 
component of sarcomatoid carcinoma 
is usually adenocarcinoma with a vari- 
able but relatively high Gleason score 
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Phosphatase, whereas the soft tissue 
component shows IMrnunoreactivily for 
various mesenchymal méirkers. The treat- 
ments for sarcomatoid Carcinomas are 
similar to those for prostatic adenocarci- 
noma {924,1115}. The prognosis associ- 
ated with sarcomatoid carcinoma is usu- 
ally dismal, regardless of treatment, with 
a 5-year cancer-specific survival rate of 
40% {924}. 


Treatment effects 


The histological features of treated can- 
cer are to some degree characteristic of 
the treatment modality used. 


Radiation therapy 

Prostate that has been irradiated (by 
either seed implants or external beam) 
has a variably paucicellular, focally 
scarred stroma. Benign glands are often 
atrophic and may show a multilayered 
epithelium with a predominantly basal 
cell immunophenotype. Some benign 
epithelial cells are markedly atypical 
{313,956,1011,2230}. Cancer cells are 
often inconspicuous, with a vacuolated 
cytoplasm and small, inconspicuous nu- 
clei and nucleoli. AMACR expression is 
typically retained in prostate cancer cells 
{3008}. Gleason grading is applicable 
when marked radiation therapy changes 
are absent. Reporting of severe radiation 
therapy effect on cancer in needle core 
tissue is recommended, because these 
patients have the same prognosis as pa- 
tients with negative biopsies {592}. 


Hormonal therapy 

Androgen deprivation therapy is used in 
a variety of clinical scenarios, including 
treatment of advanced prostate cancer 
and, in some countries, as neoadjuvant 
therapy. Non-neoplastic androgen-de- 
prived prestate glands show diffuse at- 
rophy with particularly prominent basal 
cells, which often rim the circumference 
of the glands. Immature squamous meta- 
plasia and urothelial metaplasia may be 
seen. Glycogenated squamous metapla- 
sia characterizes the benign glands of 
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Fig. 3.15 A Sarcomatoid carcinoma. Fascicles of malignant spindle cells are admixed with focal adenocarcinoma. 


B Pleomorphic giant cell adenocarcinoma. Large giant and pleomorphic cells are present. C Acinar adenocarcinoma. 
Gleason score 7 (3 + 4), with a mixture of well- and poorly formed glands. D Acinar adenocarcinoma. Gleason score 


10 (5 + 5), with solid linear arrays and cords. 


some prostates treated with diethyistil- 
bestrol. In some glands, luminal epithe- 
lial cells have a strikingly clear cytoplasm 
in which nuclei are not basally polarized. 
The treated carcinomas exhibit a range 
of features, from subtle to extensive. 
These treated cancers appear as clus- 
ters, rows, or single cells that are small 
and inconspicuous, with a histological 
appearance similar to that of radiation 
effect: vacuolated cytoplasm and small 
pyknotic nuclei. Immunostains for epithe- 
lial cells (low—molecular weight cytokerat- 
ins and PSA), basal cells (high-molecu- 
lar weight cytokeratins and p63), and the 
cancer-associated proteins AMACR and 
ERG can help to identify histologically 
inconspicuous cancer cells, although 
AMACR expression is downregulated 
in some cases after androgen depriva- 
tion therapy, such that only 45-71% of 
cases are AMACR-positive {2644,2651}. 
The prominence of these features var- 
ies within a given prostate, with differ- 
ent drugs, and with time since the last 
treatment. The effect of drugs that block 
5-a-reductase catalysis of testosterone 
to dihydrotestosterone is not evident on 
light microscopy {998}. There are no tis- 
sue biomarkers that predict response to 
hormone therapy {308,531,1157,2699}. 
There is international variation in the ap- 
plication of Gleason grading to carcino- 
mas after hormonal treatment. In general, 
Gleason grading should not be applied 
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in cases with therapy effect. Regression 
grading is not routinely done. 


Other treatments 

Prostate glands (both non-neoplastic 
and malignant) treated by conventional 
cytotoxic chemotherapy lack treatment- 
specific changes. However, the cancer 
glands have features that correlate with 
prognosis. Greater extent of intraductal 
carcinoma and cribriform pattern can- 
cer portend a poorer prognosis {987, 
2051}. Localized and focal treatments 
that cause tumour necrosis, such as cry- 
otherapy and thermotherapy, produce 
scars. There are no histological features 
specific to these treatments. 


Prostate cancer grading 


The prostate cancer grading system cur- 
rently used worldwide was developed in 
1966-1974 by Dr Donald Gleason {171, 
996}. Two unique aspects of the Gleason 
grading system are that it is based solely 
on the architectural pattern of.the tumour 
and that the grade is defined as the sum 
of the two most common grade patterns 
(the Gleason score), rather than assign- 
ing the worst grade as the grade of the 
carcinoma {171,995,996}. The primary 
(predominant) and secondary (second 
most prevalent) architectural patterns are 
assigned a number from 1 (the most dif- 
ferentiated) to 5 (the least differentiated). 


If a tumour has only one histological pat- 
tern, then the primary and secondary 
patterns are assigned the same number. 
Gleason scores range from 2 (1 + 1) to 
10 (5 + 5). A tumour that is predominantly 
Gleason pattern 3 with a lesser amount of 
Gleason pattern 4 has a Gleason score of 
7 (3 + 4). The initial grading of prostate 
carcinoma should be performed using 
the x4 and x10 objective; if necessary, 
the x20 objective may then be used to 
verify the grade {805,996,997}. For ex- 
ample, at low magnification one may 
have the impression of fused glands or 
necrosis, but higher (x20) magnification 
may be necessary to confirm its pres- 
ence. The best way to report a Glea- 
son score in a pathology report is as a 
mathematical equation (e.g. “Gleason 
score: 3 + 3 = 6”). The evolution of the 
Gleason system over time was described 
first in 2005 {805} and more recently in 
2014 {816A}. The current system of Glea- 
son grading differs significantly from the 
original; for example, scores 2-5 are no 
longer assigned on biopsy, and only rare- 
ly on other specimens. Gleason scores 
2-5 should not be assigned to cancer on 
needle biopsy because (1) there is poor 
reproducibility, even among experts; 
(2) there is poor correlation with radi- 
cal prostatectomy grade, with almost all 
cases showing higher grade at resection; 
and (3) a diagnosis of Gleason score 2-5 
may mislead clinicians and patients into 
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Fig. 3.16 Modified Gleason grading schematic diagram, 
according to the International Society of Urological 
Pathology (ISUP), 2015. © Indiana University. 
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radical prostateclomy, with higher grade elsewhere in the gland. B Individual well-formed glands of Gleason score 6 (3 + 3) on needle biopsy. C Crowded but separate well-formed 
lands of Gleason score 6 (3 + 3}, O Gleason score 7 (4 + 3}, with predominantly fused glands and a lesser component of well-formed individual glands. E Gleason score 7 (4 + 3), 
wilt variously sized rounded cribriform glands ancl Individual well-formed glands, F Gleason score 8 (4 + 4), with large irregular cribriform glands. 


believing that the patient has an indolent 
tumour {803}. 
Gleason pattern 3 consists of variably 
sized individual glands that are well- 
formed and discrete units. The presence 
of a few poorly formed glands at high 
magnification, which could represent a 
tangential section off of adjacent small 
well-formed glands, is still consistent 
with Gleason pattern 3 {815}. Small, well- 
formed glands are still within the spec- 
trum of Gleason pattern 3. In Gleason's 
original system, large cribriform glands 
were also defined as pattern 3 {995}. Nu- 
merous studies ‘have since demonstrat- 
ed the adverse prognosis of cribriform 
glands (1269, 1448, 1560,2422 2747}. As 
‘result of these studies and the recogni- 
ton that experts in prostate pathology vir- 
tually never diagnose cribriform glands 
aS pattern 3, all cribriform patterns were 
'® delined as Gleason pattern 4 at the 
“14 WHO / International Society of Uro- 
logical Pathology (ISUP) grading con- 
“SUS Conference {807B). Glomeruloid 
Sands, a variant of cribriform glands, 
ee also graded as pattern 4 [1722}. In 
oo to cribriform glands, the pres- 
ning Of poorly formed or fused glands 
ome the diagnosis of Gleason 
poorly te Only when there is a cluster of 
ty A ormed glands, where a tangen- 
me of Gleason pattern 3 glands 
= account for the histology, should 
Ocus be graded as Gleason pattern 


4. Gleason pattern 5 consists of sheets 
of tumour, individual cells, cords, linear 
arrays, and solid nests of cells {1031}. 
Comedonecrosis, defined by intralumi- 
nal necrotic cells and/or karyorrhexis, is 
graded as Gleason pattern 5, even when 
present in cribriform glands. 
Gland-forming variants and subtypes 
of prostate cancer can be assigned a 
Gleason grade based on their underlying 
architectural pattern, analogous to usual 
acinar prostate adenocarcinoma. These 
include adenocarcinomas with vacuoles, 
mucinous features, foamy gland features, 
and pseudohyperplastic features. Cribri- 
form and papillary ductal adenocarcino- 
ma is assigned Gleason pattern 4, PIN- 
like ductal adenocarcinoma composed 
entirely of discrete glands is Gleason 
pattern 3, and ductal adenocarcinoma 
with necrosis is Gleason pattern 5. 

The general rules for grading require 
some modification when there is limited 
cancer of lower or higher grade. In the 
setting of high-grade cancer on needle 
biopsy or radical prostatectomy, lower- 
grade patterns should be ignored if they 
occupy < 5% of the area of the tumour 
{805}. For example, a needle biopsy core 
with 98% Gleason pattern 4 and only 2% 
Gleason pattern 3 should be diagnosed 
as Gleason score 8 (4 + 4). In Contrast, 
in the setting of two grade patterns on 
needle biopsy, the higher-grade tumour 
should be included within the Gleason 


score regardless of its quantity. In radi- 
cal prostatectomy specimens, individual 
tumour nodules, with the exception of 
lower-grade small multifocal cancers, 
are each assigned a separate Gleason 
score {805}. If a tumour would otherwise 
have a Gleason score of 7 (4 + 3), but 
has > 5% pattern 5 in a nodule, pattern 
5 is assigned as the secondary pattern, 
for a Gleason score of 9 (4 + 5). For nee- 
dle biopsies and radical prostatectomy 
specimens in which the highest grade 
is Gleason score 7, it is recommended 
that the percentage of Gleason pattern 
4 be reported. The percentage of pat- 
tern 4 may have implications for patient 
management strategies such as active 
surveillance and radiation therapy. The 
method for estimating this percentage is 
not specified. 

Theconsensus is that pathologists should 
report the grades of each core with can- 
cer separately, providing the cores are 
submitted in separate containers, or in 
the same container with the originating 
location of each core specified by the 
urologist (using different-coloured inks) 
{805}. In addition to assigning separate 
Gleason scores to each core, patholo- 
gists may also report an overall score for 
the case. When multiple cores are pro- 
vided in the same specimen container 
without information about site, some uro- 
logical pathologists still grade each core 
separately, whereas others report only an 
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overall (global) Gleason score for the in- 
volved cores per container. In cases with 
multiple fragmented cores provided in a 
jar, only an overall Gleason score for the 
jar can be assigned. 

Deficiencies in the original Gleason sys- 
tem have impacted patient care. A Glea- 
son score of 7 can be derived from either 
3 + 40r 4 + 3; yet treatment decisions for 
prostate cancer have often relied on the 
simplified single Gleason scoreof7 {617}. 
Another critical weakness is that the low- 
est grade actually assigned is 6, on a 
scale seemingly of 2-10. This may un- 
derstandably lead patients to incorrectly 
assume that they have a cancer in the 
middle of the grading scale, compound- 
ing their distress when they are informed 
of their diagnosis. In the literature and 
for therapeutic purposes, various scores 
with different prognoses have been in- 
correctly grouped together. To address 
this issue, a new set of grade groups has 
been developed. These groups were first 
introduced in a published study {2211}, 
then verified in a meta-analysis of more 
than 20 000 men treated with radical 
prostatectomy at five institutions {816A}. 
On the basis of multi-institutional biopsy 
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and radiation data on thousands of pa- 
tients, these grade groups have been de- 
fined such that each group is associated 
with a unique prognosis {816A}. 

Table 3.03 Grade groups 


For cases with > 95% poorly formed / fused / 
cribriform glands or lack of glands on a core or at 
radical prostatectomy, the component of < 5% well- 
formed glands is not factored into the grade. 
*Poorly formed / fused / cribriform glands can be a 
more minor component. 

From Epstein et al. {807B}, with permission. 
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This new system provides several ben- 
efits, including (1) more accurate grade 
stratification than the existing systems; 
(2) a simplified categorization of 5 groups 
as opposed to 12 grades; and (3) a more 
intuitive scale, starting at 1 as opposed to 
6. These grade groups should be report- 
ed in conjunction with the 2014 WHO/ 
International Society of Urological Pathol- 
ogy (ISUP) modified Gleason scores. 


Genetic profile 

Like all cancers, prostate cancer is a 
genetic disease, driven by the activation 
of oncogenes and inactivation of tumour 
suppressors. As a result of the recent 
introduction of next-generation sequenc- 
ing technologies, the list of genomic al- 
terations known to be found in prostate 
cancer has expanded rapidly, our un- 
derstanding of the molecular basis of 
the disease has increased, and the re- 
markable genetic heterogeneity that may 
underlie the clinically variable behaviour 
of prostate cancers has been revealed. 
The first whole-genome sequencing 
studies {237,2941} revealed complex re- 
arrangements. Compared with advanced 
prostate cancer, there are relatively few 
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PIK3SCA or AKT1) also commonly occur 
in prostate Cancer {187,2642). 
Ihe Myc transcription factor (encoded 
by MYC) promotes cell cycle progres- 
sion, cell survival, and tumorigenesis in 
multiple models. Mutations, amplifica- 
lion, overexpression, rearrangements, 
and translocations involving MYC are 
common in a variety of malignancies, 
and the gene is commonly amplified in 
prostale cancer (187,232, 1040,2688}: 
however, this often involves amplification 
of this entire arm of chromosome 8, rais- 
ing the possibility of other oncogenes in 
the region. 
Ihe tumour suppressor gene TP53 is the 
ruost Commonly mutated gene in human 
cancer, Recent data show that there are 
deletions and point mutations in the TP53 
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Fig. 3.19 PISK/PTEN/AKT and AR pathways in prostate cancer. The s 
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RAF1, and BRAF, which are critical driv- 
ers in other malignancies, are only rarely 
seen in prostate cancer {2115,2916}. 

Prostate cancer also contains genomic 
lesions that are highly specific to the 
disease. The AR is a ligand-dependent 
nuclear transcription factor, and is both 
a critical signalling pathway and the main 
therapeutic target in prostate cancer. AR 
gene alterations in prostate cancer (i.e. 
gene amplification, point mutations, and 
splice variants) lead to increased activ- 
ity (1241,2871}, but these alterations 
are restricted to metastatic, castration- 
resistant prostate cancer {1475,2871}. 
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a role in the pathogenesis of prostate 
cancer, but instead emerge during treat- 
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contrast, in localized prostate cancer, al- 
terations have been identified in mulliple 
factors interacting with and modulating 
AR signalling, including transcriptional 


Fig. 3.20 ETSgene fusions in prostate cancer. The first images of break-apart FISH assays demonstrating the common 


recurrent gene fusions in prostate cance 


r. Reprinted from Tomlins et al. {2731}. 
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Fig. 3.24 The landscape of prostate cancer mutations. A Significantly mutated genes in aggressive primary prostate 
cancer. In the top graph, a cohort of 111 primary prostate tumours is ordered by number of mutations per megabase 
sequenced. Below that, mutations in significantly mutated genes are shown, coloured according to the coding 
consequence of the mutation. Each column represents a tumour and each row represents a gene. The graph on the 
left shows the number of mutations and lists the percentage of tumours with mutations in a given gene. The graph on 
the right shows the negative log of the Q values for the significance level of mutated genes (for all genes with Q< 0.1). 
Reprinted from Barbieri et al. {187}. B Graphical representations of seven prostate cancer genomes. Each Circos 
plot depicts the genomic location in the outer ring and chromosomal copy number in the inner ring (red, copy gain; 
blue, copy loss). Interchromosomal translocations and intrachromosomal rearrangements are shown in purple and 
green, respectively. The genomes are organized on the basis of the presence (top row) or absence (bottom row) of 
TMPRSS2-ERG gene fusion. Reprinted from Berger et al. {237}. 


coactivators (NCOA2 and EP300), tran- 
scriptional co-repressors (NCOR1 and 
NCOR2), interacting transcription factors 
(FOXA1), and chromatin regulatory ele- 
ments {187,1040, 1664,2688}, reinforcing 
the central importance of AR signalling to 
the disease. 

Recurrent gene fusions of members of 
the ETS family of oncogenic transcription 
factors occur in most prostate cancers 
{2730,2731}, with TMPRSS2-ERG fusion 
being most common. Multiple androgen- 
regulated genes have been identified as 
5' fusion partners; other members of the 
ETS family that serve as 3’ partners in- 
clude ETV1, ETV4, ETV5, and FL/1 {2167, 
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2730}. The prevalence of ETS rearrange- 
ments ranges from 27% to 79% in radi- 
cal prostatectomy and biopsy samples 
{2730}, and ETS family members pro- 
mote prostate neoplasia in multiple mod- 
els (411,1446, 1456}. 

The SPOP gene encodes for the sub- 
strate-recognition Component of a cul- 
lin 3-based E3 ubiquitin ligase, and 
SPOP mutations have recently been 
reported in prostate cancer (187,237, 
1663, 1664}. These are the most common 
point mutations in primary prostate can- 
cer, with recurrent mutations in SPOP in 
5-15% of multiple independent cohorts 
{187,281}. The oncogenic mechanisms 


of SPOP mutations remain unclear, but 
may involve alterations in androgen sig- 
nalling (962). 

CHD1, at 5q21, encodes a chromodo- 
main helicase DNA-binding protein that 
acts to remodel chromatin states and 
regulate transcription across the ge- 
nome. Recurrent deletion of CHD1 is 
common in prostate Cancer, occurring in 
about 10-25% of both primary and met- 
astatic tumours. Rearrangements and 
point mutations have also been identified 
{187,237,1040,2688}. Lesions in CHD1 
are strongly associated with mutations 
in SPOP, supporting a distinct molecular 
class of prostate cancer. 

The heterogeneity of prostate cancer 
complicates risk stratification and selec- 
tion of management strategies. However, 
molecular classification holds the promise 
of identifying specific subclasses of pros- 
tate cancer associated with distinct pat- 
terns of genomic abnormalities. Genomic 
and transcriptomic analyses show that 
prostate tumours can be subclassified 
based on gene expression and somatic 
copy number alteration signatures, with 
some success. in predicting aggressive 
features of disease or impact on prognosis 
{1586,1587,2478, 2688}. Emerging data 
from The Cancer Genome Atlas (TCGA) 
programme suggest that major classes 
of localized prostate cancer can be di- 
vided into ETS-rearranged prostate can- 
cers (TMPRSS2-ERG, TMPRSS2-ETV1, 
and TMPRSS2-ETV4 tumours), SPOP/ 
CHD 1-altered cancers, and some smaller 
categories {391A}. E7TS-rearranged tu- 
mours are generally enriched in lesions 
in the PISK and p53 signalling pathways, 
whereas other specific somatic copy num- 
ber alterations predominate in SPOP-mu- 
tant cancers. SPINK1, a secreted serine 
peptidase inhibitor overexpressed in a 
subset of ETS-negative cancers and as- 
sociated with poor prognostic features 
in some series, is another marker com- 
monly used for disease classification 
{1672,2113,2732}. Data such as these will 
continue to be uncovered, and will form 
the basis for future molecular classifica- 
tion of prostate cancer. Ongoing efforts 
to establish a timeline for these genomic 
events (i.e. to determine which lesions 
occur early and may initiate cancer and 
which occur subsequently and may pro- 
mote disease progression) will be critical 
for defining prostate cancer progression 
and aggressiveness at the molecular lev- 
el. A molecular definition of progression 
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fig. 3.22 Molecular classification of prostate cancer. 
rhe majority of primary prostate cancers harbour ETS 
gene rearrangements, most commonly TMPRSS2-ERG 
fusions. The PTEN and TP53 tumour suppressors 
are deleted or mutated in 20-40% of primary prostate 
cancer, with significant overlap with each other and 
ETS rearrangements. SPOP mutations, which occur in 
about 10% of prostate cancers, are mutually exclusive 
with ETS rearrangements; these tumours typically lack 
pTEN deletions and other lesions, but are associated 
with deletions of CHD7. Metastatic tumours have a 
significant increase in lesions in PTEN and other PI3K 
pathway components and an overall increase in genomic 
aberrations; in addition, mutations and amplifications of the 
\Rgene emerge, mostly in cancers treated with androgen 
deprivation therapy. Reprinted from Barbieri et al. {187 A}. 


yased on these ideas could prove to be 
an invaluable tool for active surveillance 
or for the risk stratification of intermediate- 
isk Cases 

In summary, major advances have been 
nade in cataloguing the genomic al- 
erations in prostatic carcinoma and in 
understanding some of the molecular 
t1echanisms underlying the disease, with 
the objective of eventually subclassifying 
umours. 


(ienetic susceptibility 

‘rostate cancer is one of the most her- 
‘able cancer types, driven by numer- 
SUS Common and a few rare inherited 
germline genetic variants of risk. Family 
pedigree and twin studies have consis- 
lantly supported genetic predisposilion 
“1S 8 risk factor for prostate Cancer {405, 
'75@,3063]. Men with first-degree rela- 
lives diagnosed with prostate cancer are 
\l Iwice the risk of prostate cancer de- 
velopment (and > 4 times the risk if the 
ne was diagnosed before the age of 
30 years) (760,1009). 

karly linkage analysis studies suggest- 
ea Various inheritance moeials (such as 
dominant and X-linked) and numerous 
Chromesomal loci of association that 


failed io he consistently validated (386, 
387,520, 760,2442, 2475, 2550, 2686, 
2998}. Study resulls supporting the initial 
suggestion Ihal inflammatory and infec- 
tion response gene loci (e.g. ELAC2, 
RNASEL, and MSAR1) are associated 
with risk have not been consistently re- 
produced {1763,1764,1862,2997}. In 
the largest linkage study performed by 
the International Consortium for Prostate 
Cancer Genetics (ICPCG), only one lo- 
cus (22q) stood out {2995}. Subsequent 
studies also pointed to 8q24 {24,911, 
1735} as aregion harbouring genetic risk 
variants. The detection of far more com- 
mon germline genetic variants with only 
low to moderate penetrance became 
possible with the advent of genome-wide 
association studies, which can assess 
millions of SNPs in a given individual for 
disease risk association. To date, at least 
92 SNPs associated with prostate cancer 
risk have been established by such stud- 
ies {1202}. These SNPs may account for 
as much as one third of prostate cancer 
familial risk. Of note are regions such as 
the 8q24 region {1067,1068} containing 
SNPs exerting a modifier effect on the 
neighbouring MYC oncogene, which 
has been implicated in prostate cancer 
pathogenesis {24}. Other SNP variants, 
located on chromosome 19q13, harbour 
the KLK2 and KLK3 (PSA) genes (585, 
1500}. Individually, each susceptibility 
SNP allele is associated with only a small 
additional risk, but there is evidence that 
their combined effect on risk is multipli- 
cative. Risk algorithm models have been 
used to identify individuals who are in the 
top 1% risk tier, whose risk is approxi- 
mately 5 times that of the general popula- 
tion {761,1498}. Such an approach could 
soon prove instrumental in refining the 
selection of the best groups of men to 
target for screening and prevention strat- 
egies, which could help to address the 
current concerns of overdiagnosis and 
overtreatment of prostate cancer {103, 
2452}. 

Rare (but strongly penetrant) germline 
variants (with frequencies > 5%) are not 
detectable by current SNP array-based 
genome-wide association studies. Their 
detection requires exhaustive direct se- 
quencing of many cases versus control 
subjects, which only recently became 
possible with the development of next- 
generation sequencing technologies. Al- 
though these variants are rare and there- 
fore account for only a minute fraction of 
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(5-7 times the risk in the general popula 
tion) ter early-onset and potentlelly more 
aggressive proslal Tr Among 
these variants, germliri MULNONS 1 thew 
BRCA2 tumour suppressor gene |4 


and the /¥OXB '3(G84E) gene [831.2996] 
have the mosi established evidence of 
association with hereditary prostate can 
cer. A 5% germline carrier frequency at 
HOXB13 (G84E) mutation was shown 
in prostate cancer families ol mosily 
Eurepean, descent |2996). A Breast 
Cancer Linkage Consortium ({BCI.C) 
study revealed that men wilh germ- 
line BRCA2 mutalion have 5 limes the 
risk for prostate cancer (and 7 times the 
risk for early disease) compared with the 
general population {338]. The evidence 
from molecular and risk studies suggests 
increased susceptibility for prostate can- 
cer in Lynch syndrome. A recent meta- 
analysis of 12 risk studies showed that 
the risk of prostate cancer for all men 
in mismatch repair gene mutation—car- 
rying families was 2.28 times the risk 
(95% Cl: 1.37-3.19) in the general pop- 
ulation. In one of the largest studies in 
mismatch repair gene mutation carriers, 
the relative risk was greatest for MSH2 
carriers (5.8, 95% Cl: 2.6-20.9), Prostate 
cancer was the first or only diagnosed 
tumour in 37% of carriers (1122,2287, 
2385), The evidence for BRCA?T {1626} 
and other DNA repair genes, such as 
PALB2, CHEK2, BRIP1, and NBS7, is 
less robust {(612,613,819,1499}. Several 
multinational consortia (792,1282,2247] 
are currently investigating the clinical im- 
pact of genetic susceptibility to prostate 
cancer in order to potentially develop 
screening and risk management guide- 
lines and to determine the functional and 
treatment implications of the growing list 
of identified germline genetic variants. 


Prognosis and predictive factors 


Needle biopsy 

Reporting of prognostic factors of pros- 
tate cancer in needle biopsies serves to 
predict histological findings in the radical 
prostatectomy specimen and estimate 
the risk for disease progression with or 
without treatment with curative intent. For 
prostatic adenocarcinoma, The College 
of American Pathologists (CAP) recom- 
mends reporting histological type, num- 
ber of cores positive for cancer, total 
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number of cores, linear Cancer extent 
and/or proportion of prostatic tissue in- 
volved by carcinoma, Gleason score, 
extraprostalic extension, and semina 
vesicle invasion {2592}. 

The most important tissue-based_ pre- 
dictive and prognostic factor is Gleason 
grade. The Gleason score of needle bi- 
opsies predicts radical prostatectomy 
grade, although undergrading is stil 
common {809}. Biopsy grade is used 
to predict postoperative stage {1401}, 
tumour progression {1400,2615}, and 
prostate cancer-specific mortality (616). 
The Gleason grade therefore plays a piv- 
otal role in the treatment decision. Most 
protocols for active surveillance exclude 
patients with a Gleason score of > 6 {82}. 
The amount of cancer in needle biopsies 
also correlates with pathological stage 
{1401} and outcome {616,1400,2615}, It 
is recommended that the number of bi- 
opsy cores with cancer and a measure 
(or measures) of linear extent of cancer 
(percentage and/or cancer length) in 
needle biopsies be reported, because 
all of these variables have prognostic 
value {2592}, Protocols for active sur- 
veillance generally use the number of 
positive cores, the percentage of positive 
cores, and the linear extent (particularly 
the highest percentage of carcinoma in 
a single core) as inclusion criteria {82}. 
Perineural invasion seen in needle biop- 
sies correlates with pathological stage at 
radical prostatectomy and is indepen- 
dently associated with outcome in some 
(but not all) series {686,1127,1686}; 
it should therefore be reported when 


present. Extraprostatic extension can be 
diagnosed when cancer is seen infiltrat- 
ing adipose tissue in needle biopsies 
{2643}. This is arare finding, seen mainly 
in cases of extensive high-grade cancer 
Cancer infiltration among striated mus- 
cle cells has no clinical significance and 
does not predict extraprostatic extension 
{3020}. 

Biopsies rarely target the seminal vesi- 
cles, but seminal vesicle invasion is oc- 
casionally diagnosed in needle biopsies 
directed at the base of the prostate. The 
diagnosis requires that cancer is seen 
infiltrating the muscle wall of the seminal 
vesicle. Lymphovascular invasion is very 
rarely seen in needle biopsies and mainly 
occurs in high-grade cancers. 

Several tables and nomograms based 
on combinations of these variables have 
been constructed for preoperative pre- 
diction of pathological stage, disease 
progression after treatment, disease- 
specific survival, and the likelihood of 
indolent cancer. Such tables and nomo- 
grams may include factors such as pa- 
tient age, clinical stage, measures of 
serum PSA, number of cores with can- 
cer, linear extent of cancer, and Gleason 
score {2500}. 

Risk categories that facilitate the imple- 
mentation of specific management and 
therapeutic strategies have also been 
created. An example of risk categories 
that incorporate clinical and pathological 
factors is provided in Table 3.05 (p. 159). 


Active surveillance 
Active surveillance is emerging as an 


Table 3.04 Participant characteristics and inclusion criteria of several large active surveillance cohorts 


Lin et al., 2013 {1658A} 


Klotz et al., 2010 {1457A} 
Selvadurai etal., 2013 {2472A} 
Adamy et al., 2011 {134} 238 


Patel et al,, 2014 {2162A} 870 
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important management strategy, in which, 
patients diagnosed with prostate cance 
undergo regular follow-up with serum 
PSA tests and repeat biopsies, ratha 
than receiving immediate definitive trea 
ment with curative intent. Active surveil 
lance strategies typically focus on the sc 
lection of low- and very low-risk patients 
although a few protocols target intermedi 
ate-risk patients |1938}. 

The success of active surveillance as 4 
management option for prostate cance, 
patients is dependent on appropriate 
patient selection, which is based on an 
understanding of the prognostic and pre 
dictive factors in prostate cancer. Inclu- 
sion criteria include patient age, serum 
PSA levels (including density and veloc- 
ity), Gleason score, number of positive bi- 
opsy cores, and extent of prostate cancer 
in any core {82}, Patients with prostate 
adenocarcinoma with ductal features, 
sarcomatoid or small cell neuroendocrine 
carcinoma, or intraductal carcinoma are 
not candidates for active surveillance, 
because these histological variants are 
associated with poor prognosis. Perineu- 
ral invasion does not exclude a patient 
from active surveillance {1938}. 
Surveillance involves serum PSA moni- 
toring, digital rectal examination, and 
repeat prostate biopsies performed 6-12 
months after initial diagnosis and then 
yearly for up to 10 years. Progression is 
defined as an increase in the Gleason 
score or the tumour extent (i.e. involve- 
ment of a greater number of cores or in- 
creased extent in the involved cores) on 
rebiopsy. PSA kinetics are an important 
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component of some protocols. Inclu- 
sion criteria, surveillance schedules, 
and __intervention/progression criteria 
vary between institutions and clinical tri- 
als. Unsampled high-grade carcinoma 
remains an important factor for patients 
failing active surveillance {82}. Although 
useful prognostic markers (e.g. PCA3, 
TMPRSS2-ERG, and emerging clinically 
localized prostate cancer biomarkers 
identified using new technologies such 
as next-generation sequencing) have 
promise, to date no molecular test is rec- 
ommended for determining eligibility for 
active surveillance protocols {82,1938}. 
A consensus statement with recommen- 
dations supported by numerous organi- 
zations, including CAP {2592} and the 
International Society of Urological Pathol- 
ogy (ISUP) {768}, was recently published 
{82}. It outlines the pathologist's critical 
role in determining eligibility for active 
surveillance and issues pertaining to ac- 
curate reporting of the prognostic and 
predictive factors necessary for such a 
management strategy. 


Transurethral resection of the prostate / 
open prostatectomy 
The same prognostic parameters of 
prostate cancer should be reported for 
transurethral resection of the prostate or 
open prostatectomy as for core needle 
biopsies. Gleason score and % Gleason 
pattern 4/5 are independent predictors of 
disease-specific survival for transurethral 
resection of the prostate-detected can- 
cers {766,767}. The TNM classification 
classifies incidentally detected cancer 
(depending on the tumour extent of re- 
sected tissue) as either cT1a (if extent is 
< 5%) or cTib (if extent is > 5%), Sub- 
staging predicts cancer progression 
[392] and disease-specific survival {906, 
2264}. Although no specific method for 
IN€ estimation of tumour extent is recom- 
Mended in the TNM classification, visual 
assessment of the percentage of tissue 
area infiltrated by cancer is commerly 
Used, In transurethral resection speci- 
mens, another method Is the assessment 
of the percentage of resected tissue 
Chips involved with cancer {98,1254}, 
The proportion of the tissue involves and 
the number of positive chips out of the lo- 
tal number of chips (yielding the propor- 
ton of positive chips) may be reported. 
lraprostatic extension is only rarely 
Seen in transurethral resection and open 
brOstatectomy specimens, because 
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Table 3.05 National Comprehensive Cancer N 
t 
(NCCN'} risk groups -o 


Very low risk: 

‘Tic 

+ Gleason score < 6 

+ Prostate-specific antigen < 10 ng/mL 

* < 3 prostate biopsy cores positive, < 50% cancer in 
each core 

* Prostate-specific antigen density < 0.15 ng/mL per 

gram of prostate 


Intermediate risk: 
*cT2b-cT2c 
or 
» Gleason score 7 
or 
e Prostate-specific antigen 10-20 ng/mL 


Very high risk: 
* cT3b-cT4 
* Primary Gleason pattern 5 
or 
+> 4 cores with Gleason score 8-10 


Adapted with permission from the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) 
for Prostate Cancer V.1.2016. © 2015 National 
Comprehensive Cancer Network, Inc. All rights 
reserved. The NCCN Guidelines® and illustrations 
therein may not be reproduced in any form for any 
purpose without the express written permission of 
„the NCCN. To view the most recent and complete 
version of the NCCN Guidelines, go online to NCCN. 
org. NATIONAL COMPREHENSIVE CANCER 
NETWORK®, NCCN®, NCCN GUIDELINES®, and all 
other NCCN content are trademarks owned by the 
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these techniques mainly sample transi- 
tion zone tissue. 


Radical prostatectomy 


Pathological stage 

After grade, the pathological stage of 
radical prostatectomy specimens iS the 
most important prognosticator for re- 
currence and prostate cancer-specific 
mortality. The pathological stage assign- 
ments possible for radical prostatectomy 


cases are pT2a, pT2b, pT2c, pT3a, and 
pT3b, as defined by the 2010 Ameri- 
can Joint Committee on Cancer (AJCC) 
Cancer Staging Manual, Seventh Edition 
1759]. Note that (here is qo pT1 category 
{although there is a clinical TI cesigna- 
tion) and that pT4 cancer patients are 
rarely candidates tor surgery 

Organ-continsd carcinoma is pT2. sub- 


divided into pT2a (unilateral, involving 
< 50% of one side), pT21y (unilateral, iñ- 
volving > 50% of one side but not boih 


sides), and pT2e (involving both sides) 
However, these pT2 subslages lack olini- 
cal relevance, because Weir Outcomes 
are similar (2812) 

Extraprostatic extension is the extension 
of tumour beyond the boundaries of the 
prostate gland into periprostatic adipose 
tissue or microscopically into blader 
neck tissue (pT3a) or seminal vesicles 
(pT3b). In the absence of direct fat or 
bladder neck involvement, extraprostatic 
extension in the posterior or posterolat- 
eral areas can be diagnosed when can- 
cer bulges beyond the boundaries of the 
prostate and/or the condensed smooth 
muscle of the prostatic stroma {1758}. 
Extraprostatic extension cannot usually 
be reliably diagnosed at the apex, where 
the boundaries of the prostate are poorly 
defined. Anteriorly extraprostatic exten- 
sion may be diagnosed when tumour 
extends into fat or clearly beyond the 
boundary of the gland. Seminal vesicle 
invasion by prostatic carcinoma is de- 
fined as cancer invading the muscular 
wall of the extraprostatic portion of the 
seminal vesicle {245). 

It is well documented that the spread of 
prostate cancer beyond the boundary 
of the gland is associated with a higher 
rate of recurrence after prostatectomy 
{633,1384, 1895}. There is high concord- 
ance among pathologists for diagnosis 
of seminal vesicle invasion (94%, kap- 
pa = 0.83), but much lower concord- 
ance for extraprostatic extension (57.5%, 
kappa = 0.33) {2814}. The extent of ex- 
traprostatic extension can be determined 
by various methods, including the Ep- 
stein definitions of focal extension (a few 
neoplastic glands outside the prostate) 
and non-focal extension (anything more 
than a few glands), the Wheeler defini- 
tions of focal extension (extraprostatic 
tumour occupying < 1 high-power field 
on < 2 separate sections) and non-focal 
extension (any extraprostatic extension 
more extensive than focal extension), and 
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the radial distance method {1758}. Most 
pathologists concur that extraprostatic 
extension should be quantified; however, 
no specific method has been endorsed 
by the International Society of Urological 
Pathology (ISUP) {633, 1758} 

In multivariate analysis, extraprostatic ex- 
tension is a significant independent pre- 
dictor of biochemical recurrence {1316} 
The subclassification of extraprostatic 
extension as focal or non-focal accord- 
ing to the Epstein definitions improves 
the correlation with biochemical recur- 
rence-free survival {180,633,1316}; how- 
ever, prostate cancer-specific survival 
and overall survival in men with isolated 
extraprostatic extension (pT3a) are not 
significantly different between focal and 
non-focal extension {1316}. The 10-year 
biochemical recurrence-free survival, 
prostate cancer-specific survival, and 
overall survival for focal versus non-focal 
extraprostatic extension are 75.6% ver- 
sus 58.8% (P < 0.001), 98.4% versus 
96.0%, and 94.7% versus 90.0%, re- 
spectively {1316}. 

Seminal vesicle invasion is one of the 
prime determinants, along with grade, 
of prostate cancer-specific survival after 
radical prostatectomy {769}. In contem- 
porary studies, seminal vesicle invasion 
is seen in 3.3-7.6% of radical prostatec- 
tomy specimens (199,897,2210,2402}. 
Although seminal vesicle invasion is an 
adverse prognostic factor, it is not asso- 
ciated with a uniformly poor prognosis, 
with a 5-year recurrence-free survival rate 
ranging from 36.1% to 45% (1523,2210} 
and a 10-year biochemical recurrence- 
free survival rate ranging from 19.7% 
to 28.8% {1316,2210}. The 5-year PSA- 
free survival rate is significantly different 
between men with and without seminal 
vesicle invasion {1523}. Specimen Glea- 
son score and surgical margin status are 
significant predictors of recurrence after 
radical prostatectomy in prostate cancer 
patients with seminal vesicle invasion 
{897}, suggesting that seminal vesicle 
invasion may be a surrogate marker of 
tumour burden and more aggressive dis- 
ease with a higher Gleason score {2420}. 
In one study, invasion of the muscular 
wall of the seminal vesicle in combina- 
tion with cancer invading between semi- 
nal vesicle glands was associated with a 
higher risk of recurrence than was inva- 
sion of the muscular wall alone {1523}. 
Adjuvant androgen deprivation therapy 
combined with radiotherapy after radical 
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Fig. 3.23 Acinar adenocarcinoma. A Kaplan-Meier plot of the level of pathological stage versus 10-year biochemical 
recurrence-free survival. +LN, positive for lymph node metastasis; pT3a F, focal extraprostatic extension; pT3a NF, 


non-focal extraprostatic extension. 


prostatectomy may confer a substantial 
benefit in terms of 5-year biochemical 
recurrence-free survival in patients with 
seminal vesicle invasion {199}. 


Margins 

Surgical margin status is a predictor of 
biochemical recurrence following radi- 
cal prostatectomy. However, it has not 
been determined whether a positive sur- 
gical margin is a significant indicator of 
increased risk of prostate Cancer—spe- 
cific mortality after radical prostatecto- 
my {432,2613}. In one study in which a 
positive surgical margin was an indepen- 
dent predictor of prostate cancer—spe- 
cific survival after radical prostatectomy, 
the hazard ratio was modest, with a less- 
er impact than Gleason grade and patho- 
logical stage {432}. Positive margins may 
be classified as focal or extensive, cor- 
relating with prognosis {1827}. The effect 
of the location of positive surgical mar- 
gins is uncertain {2401}. No consensus 
has been reached as to how to evaluate 
the extent of positive surgical margins 
{2401}; however, the extent of positive 
surgical margins has been linked to out- 
come (394}, and the International Society 
of Urological Pathology (ISUP) recom- 
mends reporting the length (in mm) of 
margin involvement by carcinoma {24014}. 
Another option is to report the number of 
quadrants with margin positivity {266}. 
Gleason grade or score at the margin is 
an independent predictor of recurrence 
in most series {347 395 ,2433,2867}. Most 
studies suggest that the distance from 


the tumour to the margin does not pre- 
dict outcome. 


Tumour size 

The size of prostatic carcinoma in radical 
prostatectomy tissues is of prognostic 
significance but has not been established 
as an independent predictor of outcome 
with Gleason grade and pathological 
stage in multivariate models {804,1252, 
2812}. Tumour size in radical prostatec- 
tomy tissue is not currently used in nomo- 
grams or models to predict outcome after 
surgery or to stratify patients for consid- 
eration of adjuvant therapy or clinica 
trial enrolment. However, all definitions 
of what constitutes pathologically and 
clinically insignificant versus significant 
tumour include tumour size. The recom- 
mendation from the International Soci- 
ety of Urological Pathology (ISUP) is that 
some quantitative estimate of tumour vol- 
ume be undertaken and reported {2812}. 
The most common methodologies used 
in the quantitation of tumour size are vis- 
ual assessment of the percentage of the 
prostate sections involved by carcinoma 
(percentage carcinoma) {1252,1255} 
and measurement of the diameters of the 
largest tumour {2812}. Other methods, 
such as grid morphometric analysis and 
image analysis, are not routinely used for 
clinical reporting. The calculation and re- 
porting of actual tumour volume in cubic 
centimetres by morphometry is mainly a 
research tool, and this measure of tumour 
size is not reported in routine practice. 


Penneural invasion and lymphovascular 
space ¢NMeaIsion 
yorineural invasion is idenlitied in as 
many as 90% of all radical prostatecto- 
cases. In Ihe whole prostate gland, 
rnaural invasion is nol associated 
ih outeorne aller radical prostatectomy 
375,1876]. Theretore, the reporting of 
perineural invasion in these specimens 
is nol recommended. Lymphovascular 
space invasion by carcinoma can be 
found in 5-53% of radical prostatectomy 
cases. In the prostate, it is an indepen- 
dent predictor of patient outcome in a 
slight majority of studies, although a re- 
cent Comprehensive review concluded 
that the existing literature is conflicting 
and of insufficient homogeneity to de- 
linitively establish lymphovascular space 
iivasion in radical prostatectomy cases 
as an important independent prognosti- 
cator of biochemical recurrence (2031). 
Reporting of lymphovascular space inva- 
sion by carcinoma is recommended by 
the International Society of Urological Pa- 
thology (ISUP) {1758}. 


pi 


Metastatic cancer 

|.iltle is known about prognostic and 
predictive factors in metastases, due to 
the paucity of tissue samples. Nonethe- 
less, there are histological correlates with 
piognosis. The degree to which lymph 
node metastases form glands correlates 
weakly with outcome. Non-gland-forming 
nodal metastases, most of which express 
PSA, prostatic acid phosphatase, and/ 
or NKX3.1, correlate with a poor prog- 
nosis {1093, 1468}. The pattern of organ 
nvolvement is prognostic. Patients with 
only visceral metastases have a worse 
outcome than do patients with only nodal 
netastases {2234}. The only metastasis 
issue biomarker of possible future clini- 
cal value is AR splice variant 7 {140}. 
=xpression of this marker predicts non- 
esponse to androgen deprivation {107}. 


Biomarkers 

Biomarkers of clinical utility can provide 
information beyond that offered by H&E 
Morphology. The most pressing Clinical 
need is for biomarkers predictive of tu- 
our aggressiveness, which could help 
inform therapeutic decisions, particu- 
larly at ihe time of initial diagnosis |1524, 
2811). Clinicopathological information 
such as Gleason score, serum PSA lev- 
els, and imaging cannot provide definite 
Predictions of outcome, which may lead 


to over- or undertreatment. This situa- 
tion may prospectively be improved by 
prognostic biomarkers (which provide in- 
formation about the natural course of the 
disease) or predictive biomarkers (which 
help to predict the response to a spe- 
cific therapy). It is unclear whether holis- 
tic approaches like surgery or radiation 
therapy constitute specific therapies for 
which predictive (non-prognostic) mark- 
ers may be identified, or whether the ma- 
jority of prognostic markers can also be 
assumed to be predictive in this setting. 
Targeted therapy approaches (requiring 
predictive markers) for the treatment of 
localized prostate cancer are not yet nec- 
essary, but may soon become relevant 
for late-stage prostate cancer. Currently, 
the greatest clinical need is for prognos- 
tic markers in cancers with low Gleason 
scores that could help to determine their 
suitability for active surveillance. 

The discrepancy between the ever-in- 
creasing number of prognostic marker 
candidates and the fact that no prognos- 
tic marker is widely or routinely imple- 
mented indicates that, to date, attempts 
to validate biomarkers have failed {1245}. 
Apart from inevitable sampling bias, the 
development of prognostic markers has 
also been hampered by the long natural 
history of prostate cancer; the lack of di- 
agnostic biopsy cohorts; and marked dif- 
ferences in preanalytics, assay design, 
and interpretation (including cut-off val- 
ues). A marker found to be prognostic in 
a retrospective study may not be recom- 
mended in a prospective setting, unless 
the assay is robust and the marker has 
been verified in a prospective trial. 
Molecularly, the majority of prognostic 
biomarkers function to promote hall- 
mark features of cancer. Therefore, the 
identification of new prognostic markers 
may provide insights into the molecu- 
lar clockwork of tumours. The causally 
relevant identification of driver or by- 
stander alterations, which would require 
functional analyses, is only of secondary 
importance for a prognostic biomarker. 
Increased cellular proliferation is the 
best-documented prognostic parameter 
in virtually any solid tumour, including 
prostate cancer. Its convenient assess- 
ment by immunohistochemistry has con- 
tributed to numerous studies confirming 
that higher rates of proliferation herald 
tumour progression in various therapeu- 
lic settings (e.g. watchful waiting, radical 
prostatectomy, and radialion therapy). 


The vast ‘cilerances in Sludy design 
stalistica! endpoints, ares Particular yek 
off values obviously limit the prospec ti p 
applicability, even mare so in light of ihe 
newly recognized inter- and intralabora 


tory variability of immunetistachernssy 
tests {2231,3003]. Combining several 
markers to yield a prognostic signature 
still requires a principal robusiness of 
each individual marker; otherwise, the 
variability of the individual markers will 
be amplified in the overall test result 
However, Combining markers with simi- 
lar functions (Such as several markers 
of proliferation) may further increase the 
technical robustness of a test {1770}. 
Aneuploidy (a hallmark of genomic insta- 
bility) is generally associated with more 
aggressive disease in human tumours, 
and multiple small retrospective studies 
have demonstrated the prognostic value 
of ploidy as measured by DNA cytometry 
in prostate cancer, although ploidy did 
not appear to contribute independently 
{351,673}. A larger study with contem- 
porary standards is necessary to deter- 
mine final significance, but the very low 
rate of non-diploidy in low-grade tumours 
obviously limits its value. Studies of more 
contemporary genomic classifiers that 
focus on the clinical impact of chromo- 
plexy and tumour hypoxia are underway 
S71): 

Alterations of the AR and androgen sig- 
nalling occur later in tumour progres- 
sion, and their potential as predictive 
biomarkers for novel therapeutics has 
not yet been fulfilled {2421}. The prog- 
nostic value of the TMPRSS2-ERG trans- 
location is still disputed. The majority of 
watchful waiting studies have found a 
slightly unfavourable impact {151,690}, 
whereas the prognostic value after radi- 
cal prostatectomy is limited {2200}. It is 
unclear whether the prognostic value is 
specifically conferred by TMPRSS2-ERG 
or by the concomitant genomic instabil- 
ity {1024}. In mouse models, ERG over- 
expression has been found to interact 
with activated PI3K signalling to induce 
prostatic tumorigenesis (411, 1446}. 
PTEN loss has shown prognostic value 
at both the genomic and protein levels 
(611,1525,1725,3030}. It may also fa- 
cilitate prediction of response to abira- 
terone {852}. The genomic region 8q24 
is Commonly amplified in prostate can- 
cer {2809}. A prominent candidate gene 
in this area is MYC, which has recently 
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been found to be prognostically relevant 
{920, 1141,2306} 

Aberrant DNA methylation is one of the 
most prevalent molecular alterations in 
cancer. Among the best-analysed pros- 
tate Cancer prognostic markers based 
on promoter methylation are GSTP1, 
RASSF1, and PITX2 {632,707 ,708,1 769}. 
PITX2 hypermethylation in particular has 
been found to be associated with dis- 
ease progression in several studies (184, 
707 ,2437,2942}. 

Transcript signatures have the crucial 
advantage over immunohistochemistry of 


providing robust and normalized meas- 
urements, although at the expense of 
morphological context {473,999,1459, 
1594}. The best-verified tissue-based 
signature measures proliferation and has 
been validated in various therapeutic 
settings, but not in a large prospective 
clinical trial (e.g. an active surveillance 
series), which is regarded as the ultimate 
test of a prognostic biomarker that is to 
be useful for therapy decisions (143,609, 
610,909}. The prognostic value after radi- 
cal prostatectomy has been shown re- 
peatedly (272,574,2517,2566]. Another 


High-grade prostatic intraepithelial 


neoplasia 


Definition 

High-grade prostatic intraepithelial neo- 
plasia (HGPIN) constitutes the preinvasive 
end of the continuum of neoplastic prolif- 
erations of secretory cells within the lining 
ofthe prostatic ducts and acini {1852}. 
ICD-O code 8148/2 
Synonyms 

Grades II and III prostatic intraepithelial 
neoplasia (obsolete) 


Epidemiology 

Overall, the mean incidence of HGPIN 
in prostatic needle biopsies is about 5% 
{811}. This incidence, as well as the ex- 
tent of prostatic intraepithelial neoplasia 
(PIN), increases with patient age, rising 
to 9% and 22% among men in their 20s 
and 30s, respectively {2391}. Race and 
geographical location also influence the 
incidence of PIN (controlling for patient 
age); incidence is highest among Afri- 
can-American men and significantly low- 
er among Asian men (particularly Japa- 
nese men) {2390}. Racial differences 
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Table 3.06 Diagnostic criteria for prostatic intraepithelial neoplasia (PIN) 


Acinar size 


Cytology 
Nuclei 


Chromatin Normal 


Nucleoli 


Basement membrane Intact 


Mitotic figures 


Enlarged, with marked size variation 


Rarely prominent (i.e. in < 10% of cells) 


transcript signature, consisting of 22 
genes has been designed to facilitate 
the early identification of patients who are 
prone to metastatic disease (817,1393, 
1454). Although molecular testing tech- 
nology is evolving rapidly, sound pro- 
spective validation will inevitably require 
time. Additionally, tumour heterogeneity 
and sampling biases remain major un- 
solved problems with all molecular tests, 
which may only be solved with multiple 
samples and tests of a single tumour. 


Bostwick D.G.. 
Humphrey P.A. 
Montironi R. 
Srigley J.R. 


j 
Enlarged, with some size and shape | 
variation, but less than in low-grade PIN j 
owing to enlargement pus UU 
Increased density and clumping 


Prominent 


Latte cl\/F (> 


in the incidence of PIN among patients 
aged 50-60 years essentially mirror 
those observed for clinical prostate can- 
cer among patients aged 60-70 years, 
indicating a 10-year lag {2390}. 


Clinical features 
The clinical features are similar to those 
of early prostatic adenocarcinoma. 


Localization 

HGPIN is most commonly found in the 
peripheral zone of the prostate, and co- 
exists with cancer in > 85% of cases ac- 
cording to studies of whole-mounted to- 
tally embedded prostates {2255}. 


Histopathology 

HGPIN is characterized by a neoplastic 
proliferation of secretory cells within pre- 
existing ducts and acini, with cytological 
changes resembling those seen in can- 
cer, including nuclear enlargement and 
numerous prominent nucleoli {1852}. It is 
usually multifocal. The basal cell layer is 
often fragmented or lost, and focal glan- 
dular outpouchings with incipient stromal 
invasion in areas of loss are thought to 
be the earliest evidence of transition to 
carcinoma {310}. Four main patterns of 
HGPIN have been described: tufting, 
micropapillary, cribriform, and flat {809}. 
There are no known Clinically important 
differences between these architectural 
patterns. Other unusual patterns and 
variants of PIN include the vacuolated / 
signet ring cell pattern, the small cell pat- 
tern, the mucinous pattern, the foamy 
gland pattern, the inverted (hobnail) pat- 
tern, and PIN with squamous differentia- 
tion (311,538, 1877}. 


Genetic profile 

HGPIN is associated with progressive 
abnormalities of phenotype and geno- 
type, which are intermediate between 
normal prostatic epithelium and cancer, 
indicating impairment of cell differen- 
tiation and regulatory control with ad- 
vancing stages of carcinogenesis (311, 
538,1352A,1877}. HGPIN shares similar 
genetic alterations with cancer, includ- 
ing LOH at 8p12-21, 8p22, 12pter-p12, 
and 10q11.2; gain of chromosomes 7, 8, 
10, 12, and 8p24; ERG protein expres- 
sion; and PTEN loss {3031}. PIN is epige- 
netically similar to cancer in terms of the 
percentage of methylated alleles for the 
ASC promoter region, as well as the APC, 
GSTP1, and RARB2 genes. 
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Fig. 3.25 High-grade prostatic intraepithelial neoplasia (HGPIN). A Foamy cytoplasmic features are present. B The 


nuclei are polarized towards the luminal aspect of the gland. C HGPIN with adjacent atypical small acini. The differential 
diagnosisisprostaticintraepithelial neoplasia with outpouching versus prostaticintraepithelialneoplasia withfocalinvasion. 
D HGPIN with adjacent atypical small acini, Immunostaining for AMACR (red) and the basal cell markers p63 and 


34BE12 (brown) shows a fragmented basal cell layer; invasion cannot be excluded. 


Prognosis and predictive factors 

The clinical importance of recognizing 
HGPIN is based on its association with 
subsequent detection of prostatic carci- 
noma. The cancer yield in repeat biop- 
sies after an initial diagnosis of isolated 
HGPIN is 20-25%, underscoring the 
significance of this microscopic find- 
ing {811.1877}. The extent of HGPIN in 
needle biopsies is a strong predictor of 


cancer on subsequent biopsy. For men 
with an isolated HGPIN involving only 
one biopsy core, repeat biopsy may not 
be necessary within the first year in the 
absence of other clinical indicators of 
cancer {2594}. However, follow-up bi- 
opsy is recommended for patients with 
multifocal HGPIN (more than one core 
with HGPIN) within 1 year. HGPIN alone 
should not lead to definitive therapy. 
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Intraductal carcinoma 


Definition 

Intraductal carcinoma of the prostate is 
intra-acinar and/or intraductal neoplastic 
epithelial proliferation that has some fea- 
tures of high-grade prostatic intraepithe- 
lial neoplasia (HGPIN) but exhibits much 
greater architectural and/or cytological 
atypia, typically associated with high- 
grade, high-stage prostate carcinoma 
{1080,1854,3085}. 
ICD-O code 8500/2 
Epidemiology 

Intraductal carcinoma of the prostate is 
seen in approximately 17% of routine- 
ly processed radical prostatectomies 
{1913,2489}. However, the incidence 
depends on the Gleason grade and the 
volume of concomitant prostate carcino- 
maa. It is identified in 2.8% of prospective 
prostate biopsy series, and incidence 
varies significantly depending on grade 
{2930}. Isolated intraductal carcinoma of 
the prostate without concomitant pros- 
tate carcinoma is seen in 0.06-0.26% of 
prostate biopsies {1080,2333,2930}. 


Etiology 

Intraductal carcinoma of the prostate 
typically represents an advanced stage 
of tumour progression with intraductal 
spread of prostate carcinoma, but may 
also represent a precursor lesion distinct 
from HGPIN and more likely to be asso- 
ciated with aggressive prostate carcino- 
ma. The existence of this latter scenario 
is supported by the fact that intraductal 
carcinoma of the prostate is found with- 
out invasive carcinoma in approximately 
10% of radical prostatectomy specimens 
following pure intraductal carcinoma on 
biopsy (2333}. 


Localization 

Intraductal carcinoma of the prostate is 
most commonly seen in the peripheral 
zone, together with high-grade and high- 
volume prostate carcinoma. 


Histopathology 
The hallmark of intraductal carcinoma of 
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Table 3.07 Histological features of intraductal carcinoma 
of the prosiate 


the prostate is a proliferation of prostate 
carcinoma cells that is within and may 
significantly expand the native prostatic 
ducts and acini, with the basal cell layer 
at least partially preserved. Several diag- 
nostic criteria have been published, but 
the most commonly applied are outlined 
in Table 3.06 (p. 162) {1080}. The most 
common architecture in intraductal car- 
cinoma of the prostate is a dense cribri- 
form pattern, followed by a solid pattern. 
A dense cribriform pattern is one with 
more solid than luminal areas. 

If there is obvious infiltrating adenocarci- 
noma with Gleason pattern > 4 on a biopsy 
core associated with possible intraductal 
carcinoma of the prostate, stains for bas- 
al cells to prove intraductal carcinoma of 
the prostate are not recommended {808}. 
In biopsy tissue, if there is no definitive 
infiltrating high-grade carcinoma on H&E 
sections and there is a suggestion of in- 
traductal carcinoma of the prostate, then 
basal cell stains are required to differenti- 
ate intraductal carcinoma of the prostate 
from infiltrating high-grade carcinoma. 
Intraductal growth can occur with both 
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Fig. 3.26 Intraductal carcinoma with 
pleomorphic nuclei surrounded by basal cells. 


markedly 


Epstein J.I 

Oxley J. 

RoJ.Y. 

Van der Kwast T. 
Zhou M 


acinar carcinoma and ductal adenocar- 
cinoma. Whereas intraductal carcinoma 
of the prostate has cuboidal cells, ductal 
adenocarcinoma has tall pseudostrati- 
fied columnar epithelium; in some cases, 
there is histomorphological overlap. Solid 
patterns of intraductal carcinoma of the 
prostate may also resemble intraductal 
spread of urothelial carcinoma, although 
solid patterns of intraductal carcinoma 
of the prostate are often associated with 
cribriform or glandular patterns, and the 
solid pattern often features prominent nu- 
cleoli, few mitoses, and relatively uniform 
nuclei. When it is difficult to distinguish 
intraductal carcinoma of the prostate 
from urothelial carcinoma, intraductal 
carcinoma of the prostate is positive for 
prostate-specific markers but negative 
for high-molecilar weight cytokeratins, 
p63, and GATAS. 

Intraductal carcinoma of the prostate 
should not be factored into the grading 
of a carcinoma. This is particularly critical 
when there is only intraductal carcinoma 
of the prostate in a needle biopsy or radi- 
cal prostatectomy specimen or when the 
only infiltrating carcinoma is Gleason 
score 6 (3 + 3). 


Genetic profile 

One study found that 29% of Gleason 
pattern 4 cancers and 60% of intraductal 
carcinoma of the prostate demonstrated 
LOH, which was rarely observed in pros- 
tatic intraepithelial neoplasia and Glea- 
son pattern 3 adenocarcinoma {649}. In 
several studies, ERG rearrangement was 
uncommonly present in isolated cribri- 
form HGPIN, whereas it was present in 
the majority of intraductal carcinomas of 
the prostate {1110}. A more discriminat- 
ing feature was that cytoplasmic PTEN 
loss was identified in 84% of intraductal 
carcinomas of the prostate, yet very un- 
commonly observed in HGPIN {1723}. 
PTEN genomic and PTEN protein loss in 
prostate cancer have been associated 
with more aggressive disease, and it is 
possible that PTEN loss may be a key 
underlying molecular aberration driving 
poor prognosis in intraductal carcinoma 


Fig. 3.28 Dense cribriform intraductal carcinoma of the prostate (A), “surrounded by basal cells expressing high- oben een m B. 


of the prostate. All of the cited molecular 
studies support the idea that intraductal 
carcinoma of the prostate is a distinct le- 
sion from HGPIN and represents a late 
event in prostate cancer evolution. 


Prognosis and predictive factors 

Intraductal carcinoma of the prostate 
is associated with adverse findings in 
radical prostatectomy, including high 
Gleason score, large tumour volume, 
and high stage, and it is an independent 
predictor of clinical outcome. Similarly, 
intraductal carcinoma of the prostate on 
prostate biopsies is often associated with 


high-grade cancer (with a mean Gleason 
score of 8) and poor prognostic param- 
eters at radical prostatectomy (2333). 
When intraductal carcinoma of the 
prostate is identified on prostate biopsy 
without concomitant invasive prostate 
carcinoma, pathologists should report 
the presence of intraductal carcinoma of 
the prostate with a comment stating that 
intraductal carcinoma of the prostate is 
usually associated with high-grade and 
high-volume prostate carcinoma and 
that definitive therapy may be indicated 
{2333}. However, some pathologists may 
still recommend immediate repeat biopsy 


UnitedVRG 


instead of definitive therapy in these rare 
situations. Lumen-spanning lesions con- 
sisting of cytologically atypical cells that 
do not meet the diagnostic criteria for in- 
traductal carcinoma of the prostate but 
exceed the criteria for HGPIN should be 
reported as atypical intraductal cribriform 
proliferation, with a recommendation for 
immediate repeat biopsy, because such 
proliferation may represent intraductal 
carcinoma of the prostate and is associ- 
ated with significantly high risk of finding 
cancer in repeat biopsies. 
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Ductal adenocarcinoma 


Definition 

Ductal adenocarcinoma is a subtype 
of prostatic adenocarcinoma with large 
glands lined by tall pseudostratified co- 
lumnar cells. 


ICD-O codes 

Ductal adenocarcinoma 8500/3 
Cribriform 8201/3 
Papillary 8260/3 
Solid 8230/3 

Epidemiology 

Ductal adenocarcinoma accounts for 


3.2% of all prostate cancers {1253}. In 
most cases, this subtype is combined 
with acinar adenocarcinoma. Pure ductal 
adenocarcinoma is only seen in 0.2-0.4% 
of prostate cancers {316,814,2469}. 


Clinical features 


Signs and symptoms 

Periurethral ductal adenocarcinoma 
protruding into the urethra may cause 
haematuria and other urinary tract symp- 
toms. Peripheral tumours have clinical 
findings resembling those of acinar ade- 
nocarcinoma. Most ductal adenocarcino- 
mas are associated with elevated serum 
prostate-specific antigen levels, but the 
levels may be lower than in acinar ade- 
nocarcinomas. Ductal adenocarcinomas 
occasionally present as distant metasta- 
ses, which pose diagnostic challenges 
because of their morphological similarity 
with primary adenocarcinomas in other 
organs. 


Methods of diagnosis 

Ductal adenocarcinomas that present 
with haematuria may be seen at urethro- 
scopy and diagnosed by transurethral 
resection of the prostate. They are now 
also often diagnosed by transrectal nee- 
dle biopsies, like other cancers of the 
prostate {350}. 


Tumour spread and staging 

Ductal adenocarcinoma often grows 
along prostatic ducts and usually also in- 
vades the prostatic stroma. The invasive 
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component spreads along routes similar 
to those of acinar adenocarcinoma, with 
extraprostatic extension and seminal 
vesicle invasion. Metastases are most 
commonly seen in lymph nodes and 
bone {316}. Ductal adenocarcinoma is 
overrepresented in metastases of pros- 
tate cancer in the penis, testis, and lung 
{575,789,2757}. Metastases may be 
purely ductal, purely acinar, or combined 
ductal and acinar {575,789}. 


Localization 

Tumours are commonly located in the 
periurethral area but often extend into the 
periphery of the prostate and are some- 
times only seen peripherally (2397 ,2469}. 
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Fig. 3.29 Ductal adenocarcinoma. A Growth along ducts 
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Macroscopy 

Periurethral cancers often protrude into 
the urethra as exophytic polypoid or pap- 
illary masses arising from the verumonta- 
num. The gross appearance of peripher- 
ally located tumours is similar to that of 
acinar adenocarcinoma. 


Histopathology 

The glands of ductal adenocarcinoma 
are-lined by tall columnar pseudostrati- 
fied epithelium. The cytoplasm is usu- 
ally amphophilic and less commonly 
eosinophilic or lightly staining. The nu- 
clei may be elongated and show more 
severe atypia than seen in most acinar 
adenocarcinomas. Prominent nucleoli, 


coarse chromatin, and mitotic figures are 


and invasion of the stoma. B Papillary growth pattern. 


C Cribriform growth pattern; invasive growth under urothelium of the urethra. D Elongated high-grade nuclei. 


ommon findings. In some Gases, (he 
e ear morphology is more blantd-look- 
i gina leasl some areas of the tumour 
\350,2467). Intralurminal necrotic @ebris 

cornmonly seen in bath the intraductal 
ind invasive components 

pe glandular architecture is more carm- 
„lex than that of acinar adenocarcinoma. 
papillary and cribriform glands are the 
most commen patterns, and comipina- 
tions are often seen |[350,2105,2467} 
Papillary infotdings with true fi~rovascu- 
tar Ironds are seen in the papillary pal- 
tern Not all ductal adenocarcinomas 
have papillary architecture, but when 
found, it is a useful diagnostic feature 
{2467]. The cribriform pattern often has 
slit-like lumina {72}. In all patterns, sepa- 
rate non-cribriform glands may also oc- 
cur. Poorly differentiated ductal cancers 
have a solid component with no luminal 
differentiation. The solid pattern is non- 
specific and must be combined with 
other patterns of ductal adenocarcinoma 
to justify this diagnosis {1253}. A pattern 
consisting of separate non-cribriform 
glands is called prostatic intraepithelial 
neoplasia—like ductal adenocarcinoma. 


Urilike in prestatic intraepithelial neopla- 
sia, the glands are more Crowded and 
often cystically dilated, with a {lat lining, 
All glands lack basal cells {1 187,2683] 


Immunophenotype 

No known biomarkers can reliably dis- 
tinguish between ductal and acinar ad- 
enocarcinoma of the prostate. The Ki-67 
labelling index is higher in ductal adeno- 
carcinoma, but there is an overlap that 
limits its diagnostic utility {1311,2323, 
2468}. Most cases of ductal adenocarci- 
noma are positive for AMACR, prostate- 
specific antigen, prostein, and pros- 
tate-specific membrane antigen. Weak 
heterogeneous staining for prostate-spe- 
cific antigen or patchy staining for CK20 
is occasionally seen {1624,2468}. 


Genetic profile 

TMPRSS2-ERG gene fusion was only 
seen in 11% of ductal adenocarcino- 
mas {1726}, whereas a positive ERG im- 
munostain was reported in 38% {2468}. 
Comparative gene expression profiling 
shows remarkable similarity between aci- 
nar and ductal adenocarcinoma cells in 


pein 


expressed genes, with only 10-25 gene 
transcripts having significant differences 
in expression {2403} 


Prognosis and predictive factors 

Ductal adenocarcinoma is more aggres- 
sive than the average acinar adenocar- 
cinoma, with higher stage and greater 
risk of biochemical recurrence after radi- 
cal prostatectomy {72,350,2469} and in- 
creased mortality {1860, 1947], However, 
some cases diagnosed by transurethral 
reseclion of the prostate are small peri- 
urethral tumours that are completely re- 
moved by the first resection {162}, 


Grading 

Cribriform and papillary ductal adenocar- 
cinoma components should be assigned 
Gleason pattern 4 {72,1860}. Similar to 
acinar adenocarcinoma, the presence of 
comedonecrosis should be considered 
Gleason pattern 5. Prostatic intraepithe- 
lial neoplasia—like ductal adenocarcino- 
ma has a prognosis corresponding to a 
Gleason score of 6 (3 + 3) {1107,2683} 
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Urothelial carcinoma 


Definition 

Most urothelial carcinomas involving the 
prostate occur in the setting of urothelial 
carcinoma of the bladder with concomi- 
tant involvement of the prostatic urethra 
{499,2507}. 
ICD-O code 8120/3 
Synonym 

Transitional cell carcinoma 

(not recommended) 


Epidemiology 

Prostatic involvement is reported in 15- 
48% of patients undergoing cystopros- 
tatectomy for bladder carcinoma {1463, 
1628,2302,2981}. It can also develop 
after a diagnosis of bladder carcinoma 
with relapse in the prostate gland {1184]. 
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Fig. 3.30 Urothelial carcinoma in situ. A Extending into prostatic ducts. B gth 


Among patients with urothelial carcino- 
ma of the bladder, the prostatic urethra 
is involved in approximately 4% of cases 
{1980}. Primary urothelial carcinoma of 
the prostate can (rarely) occur in the ab- 
sence of a bladder tumour {499,2069}. 


Etiology 

Primary urothelial carcinoma is pre- 
sumed to arise from the urothelium of the 
prostatic urethra and the proximal por- 
tions of the prostatic ducts. More com- 
monly, urothelial carcinoma involving the 
prostate represents a direct extension of 
carcinoma in situ (CIS) of the bladder or 
is a manifestation of the multifocality of 
urothelial carcinoma. Direct invasion of 
the prostate gland by an invasive blad- 
der carcinoma is not considered to con- 
stitute a primary prostatic tumour {2507}. 
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differentiation. D Invasive urothelial carcinoma. Involving the prostatic stroma (pT2). 


168 Tumours of the prostate 


BO U4 ` 
m and showing s 


Grignon D.J. 


Clinical features 
Because most cases of urothelial carci- 
noma of the prostate present concurrent- 
ly with bladder carcinoma, symptoms are 
largely related to the bladder neoplasm 
and include haematuria and dysuria. In 
patients with prostatic urothelial carci- 
noma without bladder involvement, the 
presentation can include haematuria, ir- 
ritative and obstructive symptoms, and 
an abnormal digital rectal examination 
{2069}. In other cases, the tumour is si- 
lent and is detected at cystoscopy during 
follow-up of urothelial carcinoma of the 
bladder {1184}. Treatment depends on 
stage and grade and is often determined 
by the bladder cancer, when present 
{2118}. BCG and transurethral resection 
are used in selected situations {2118}. 
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Macroscopy — 
is may be visible as areas of erythema 


velvety Mucosa, or h may be invisible 
| 1980} Solid or sessile masses are Jess 
common, Presentation as a papillary tu- 
rnaur is least common |1980}. 


Histopathology 

The histomorphology is similar to that of 
urothelial Carcinoma elsewhere and in- 
cludes the full range of histology seen in 
that tumour {499,2069,2190}. Most com- 
monly, there is involvement of the urethra 
and prostatic ducts with CIS. There is 
marked nuclear pleomorphism and nu- 
merous mitoses. The tumour can fill the 
ducts and can have central comedone- 
crosis. In some cases, the tumour can 
extensively involve the prostate without 
stromal invasion. Spread also occurs be- 
tween the basal cells and secretory cells 
or in a single cell pagetoid pattern. Glan- 
dular and squamous differentiation can 
occur. Stromal invasion usually elicits a 
desmoplastic response. In the absence 
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prostatic ducts f a 
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any of the following: 
 COrpUS spongiosum 


| T4 Tumour invades other adjacent organs 
(invasion of the bladder) 


of invasion, inflammation can be present 
around the ducts. 


The immunohistochemical profile is also 
similar to that of urothelial carcinoma else- 
where {92}. The most useful markers for 
distinguishing urothelial carcinoma from 
poorly differentiated prostatic adenocar- 
cinoma are the urothelial markers GATA3, 
p63, and high-molecular weight cytokera- 
tins and the prostate markers prostate-spe- 
cific antigen, prostein, and NKX3.1 {808}. 


Genetic profile re 
There is no information indicating that 


the genetic profile is different from that 
of urothelial carcinoma arising in the 


bladder 


Prognosis and predictive factors 

The prognosis depends primarily on 
the pathological stage. Because most 
of these tumours are high-grade, grade 
generally does not add prognostic in- 
formation. Direct invasion of the pros- 
tate from an invasive carcinoma of the 
bladder is considered stage pT4a {759}. 
Where involvement is related to origin 
in the prostatic urethra or ducts, the 
urethral staging system is applied (see 
p- 80). Cases with CIS involving the pros- 
tatic ducts with prostatic stromal invasion 
are stage pT2. nol pT4. Several studies 
have demonstrated the validity of this ap- 
proach |1463,2162,2507)}. The Slage of 
the tumour in ihe blacider also impaets 
prognosis. In cystoprostatectomy speci- 
mens, separate stages can be assigned 
to the bladder tumour and the prostatic 
urothelial carcinoma. 
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Squamous neoplasms 


Definition 

Squamous neoplasms, adenosquamous 
carcinomas and squamous cell carcino- 
mas (SCCs), are uncommon variants of 
prostate cancer. 


ICD-O codes 
Adenosquamous carcinoma 8560/3 
Squamous cell carcinoma 8070/3 


Epidemiology 

SCC of the prostate accounts for < 0.6% 
of all prostate cancers {1993}. Aden- 
osquamous carcinoma of the prostate 
is even rarer. SEER data included 27 
cases of adenosquamous carcinomas; 
0.0005% of prostate carcinomas were 
adenosquamous’ carcinoma {1784}. 
Squamous differentiation in prostate can- 
cer is one of the least common variants. 


Etiology 

Approximately 50% of squamous and 
adenosquamous carcinomas arise in 
prostate cancer patients subsequent to 
endocrine therapy ar radiotherapy {197}. 
An association between primary pros- 
tatic SCC and schistosomiasis has been 
described {34}. 


Localization 

Squamous cell and adenosquamous car- 
cinomas of the prostate arise from either 
divergent differentiation of basal cells or 
transdifferentiation of usual adenocar- 
cinoma following hormone therapy. Al- 
though these tumours are often detected 
in transurethral resection specimens, this 
does not indicate that they preferential- 
ly arise in the transition zone, because 
transurethral resection is often performed 
in men with a known history of advanced 
usual prostate adenocarcinoma treated 
with hormone therapy. In this setting, 
obstructive symptoms related to involve- 
ment of the transition zone are more 
common than are symptoms related to 
involvement of the peripheral zone {197}. 


Clinical features 

Most (if not all) pure SCCs become clini- 
cally manifest by local symptoms such as 
urinary outflow obstruction, occasionally 
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in association with bone pain and hae- 
maturia. Most patients have metastatic 
disease at the time of diagnosis. Prostate- 
specific antigen levels are not typically el- 
evated. The age range of patients is the 
same as that for usual adenocarcinoma of 
the prostate, with an average age report- 
ed by SEER of 72.8 years (1784,1993). 
Hormone treatment and chemotherapy 
have not been found to be effective, ex- 
cept in a single case of non-progressive 
disease after local irradiation and sys- 
temic chemotherapy {2768}. In cases of 
organ-confined disease, radical prosta- 
tectomy or cystoprostatectomy, includ- 
ing total urethrectomy, is recommended. 
Adenosquamous carcinomas may be 
detected on the basis of increased serum 
prostate-specific antigen, or more typical- 
ly, by obstruction of the urinary outflow, 
requiring transurethral resection. Patients 
may also present with metastatic disease. 
Some cases show an initial response to 
hormone therapy {1289}. 


Macroscopy 

The macroscopic appearance of these 
squamous neoplasms is similar to that of 
usual acinar adenocarcinoma. 


Histopathology 

The histomorphological features are iden- 
tical to those of SCC of other origins. With 
rare exceptions, these squamous neo- 
plasms do not express prostate-specific 
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antigen or prostatic acid phosphatase 
{2159}. Primary prostatic SCC must be 
distinguished on clinical grounds from 
secondary involvement of the gland by 
bladder or urethral SCC. Histologically, 
SCC must be distinguished from squa- 
mous metaplasia, which may occur in in- 
farction or after hormonal therapy. Aden- 
osquamous carcinoma is defined by the 
presence of both glandular (acinar) and 
SCC components. In most cases, the 
squamous component consists of nests 
of SCC, but can also manifest as individ- 
ual squamous cells. Typically, the glan- 
dular tumour component immunohisto- 
chemically expresses prostatic-specific 
markers, whereas the squamous com- 
ponent displays high—molecular weight 
cytokeratins and p63. 


Prognosis and predictive factors 

Both SCCs and adenosquamous carci- 
nomas tend to metastasize rapidly, with 
a predilection for the same sites as usual 
prostate cancer. Skeletal metastases are 
osteolytic {2159}. Primary prostatic SCCs 
have a poor prognosis, with an average 
survival of about 1 year. Treatment is 
multimodal, with surgery, chemotherapy, 
and radiation. In one large study, the av- 
erage survival with adenosquamous car- 
cinoma was 24 months {2159}. In SEER 
data, the median survival was 12 months 
{1784}. 


ents. 


Basal cell carcinoma 


efinition : 
ine cell carcinoma of the prostate Is a 


malignant neoplasm composed of pros- 
tatic basal cells. 


ICD-O code 8147/3 


Synonym 
Adenoid cystic carcinoma 


Epidemiology ! 
The mean patient age is 66-69 years (54, 


1267} 


Clinical features 
Patients have urinary obstruction; diag- 


nosis is most commonly made on trans- 
urethral resection specimens, less often 
on biopsy. Serum prostate-specific anti- 
gen is normal (27,54,1267} unless there 
is concomitant acinar carcinoma, found 
in a minority of cases (54, 1267}. 


Histopathology 

Mast cases show various proportions of 
an adenoid cystic/cribriform pattern with 
inspissated secretions and a basaloid 
patternwith small solid nests of basal cells 
11942}. Less often, cords of cells or small 
tubules lined by a hyaline rim are seen. 
The stroma is usually desmoplastic, and 
the tumour may invade the muscularis 
propria of the bladder neck {54}. Mitotic 


Fig, 3.33 Basal cell carcinoma. A Nests of basal call carci 
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Fig. 3.32 Basal cell carcinoma. Basaloid cells show 
cribriform adenoid cystic-like growth; at bottom of image, 
growth is solid like a basal cell carcinoma. 


activity varies widely (with 0-60 mitotic 
figures per 10 high-power fields), as 
does the Ki-67 proliferation index. Sev- 
eral architectural patterns can be used 
to differentiate basal cell carcinoma from 
basal cell hyperplasia: an adenoid cystic 
pattern, anastomosing basaloid nests 
and tubules centrally lined by eosino- 
philic cells, variably small/medium-sized 
nests with irregular shapes, and large 
solid nests. In addition, a widely invasive 
pattern into stroma and between normal 
prostate acini, perineural invasion, necro- 
sis (seen in a few cases), and extrapros- 
tatic extension are diagnostic of basal 
cell carcinoma. Basal cell markers usu- 
ally label the outermost layer or layers of 
basal cell carcinoma, sparing the luminal 
cells; conversely, CK7 immunostaining 
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marks only the luminal cells {1267}. The 
tumour is negative for CK20 and nega- 
tive to weakly positive for AMACR {54}, In 
all basal cell carcinomas studied, ERBB2 
(also called HER2/neu) immunostains 
have shown intense membranous ex- 
pression, predominantly in the inner cells 
of tumour nests, whereas acinar carci- 
nomas are negative {1268}. Strong Bcl2 
positivity and elevated Ki-67 can help dis- 
tinguish basal cell carcinoma from bas- 
al cell hyperplasia {8009}. Some cases 
with adenoid cystic-like histomorphology 
exhibit MYB rearrangement {272A} which 
suggests that they represent a distinct 
subtype of these tumours. 


Prognosis and predictive factors 

Extraprostatic extension of basal cell car- 
cinoma was reported in 5 of 19 cases in 
one study {1267} and 5 of 7 cases in an- 
other {54}, with metastasis in 4 of 19 pa- 
tients (1267} and 4 of 29 patients {54}, 
respectively. Metastases were to lung, 
liver, penis, and bowel. In 15 cases with 
follow-up, 2 patients died of cancer and 3 
remained alive with cancer {1267}. Thus, 
basal cell carcinoma is a potentially ag- 
gressive neoplasm requiring ablative 
therapy. More aggressive behaviour is 
associated with the solid nested pattern. 
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Neuroendocrine tumours 


Definition 

Prostate cancers with neuroendocrine 
differentiation include usual adenocarci- 
noma with neuroendocrine differentiation, 
adenocarcinoma with Paneth cell-like 
neuroendocrine differentiation, well-dif- 
ferentiated neuroendocrine tumour, small 


cell neuroendocrine carcinoma, and 
large cell neuroendocrine carcinoma. 
ICD-O codes 
Adenocarcinoma with neuroendo- 

crine differentiation 8574/3 
Well-differentiated 

neuroendocrine tumour 8240/3 
Small cell neuroendocrine 

carcinoma 8041/3 
Large cell neuroendocrine 

carcinoma 8013/3 
Synonym 


Carcinoid tumour (not recommended) 


Neuroendocrine cells in usual prostate 
adenocarcinoma | 

In current practice, neuroendocrine cells 
are defined by immunohistochernical 
positivity for synaptophysin, chromogra- 
nin, or CD56. Acinar adenocarcinoma of 
the prostate demonstrates scattered neu- 
roendocrine cells by immunohistochem- 
istry in 10-100% of cases, depending in 
part on the number of slides studied and 
the number of antibodies used {9,806, 
1480, 1969,2845}. Immunohistochem- 
istry for neuroendocrine markers is not 
recommended for general use on acinar 
adenocarcinoma of the prostate. Most 
studies show no effect of neuroendocrine 
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differentiation on outcome, although this 
finding is controversial {8,248,318,546, 
2503,2703,2940}. There are conflicting 
studies on the relationship between neu- 
roendocrine differentiation of prostate ad- 
enocarcinoma and response to androgen 
deprivation therapy {247,1969,2490}. 


Adenocarcinoma with Paneth cell-like 
neuroendocrine differentiation 

Paneth cell-like neuroendocrine differ- 
entiation is characterized by eosinophilic 
cytoplasmic granules that are positive 
for neuroendocrine markers by immuno- 
histochemistry (806,2669,2934}. Paneth 
cell-like cells may be present in well- 
formed glands of Gleason pattern 3, but 
can also be present in cords of cells with 
bland cytology that would typically be 
defined as Gleason pattern 5. In this lat- 
ter setting, there is evidence that these 
tumours do not behave like high-grade 
cancers, and it is recommended not to 
include the Paneth cell-like or ampho- 
philic neuroendocrine non—gland-form- 
ing areas of the tumour in the Gleason 
score {2669}. In some cases, a spectrum 
of Paneth cell-like cells can be seen ad- 
jacent to identical cells with deeply am- 
phophilic cytoplasm lacking granules, 
with both cell types labelling diffusely 
with neuroendocrine markers. Uncom- 
monly, cancers may consist only of cells 
lacking granules and may be difficult to 
recognize as a variant of Paneth cell-like 
differentiation {2558}. 
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Well-differentiated neuroendocrine 
tumour 

True well-differentiated neuroendocrine 
tumours (carcinoid tumours) of the pros- 
tate are extremely rare. They should be 
diagnosed only when they are not closely 
associated with concomitant adenocarci- 
noma of the prostate and are immunohis- 
tochemically positive for neuroendocrine 
markers and negative for prostate-spe- 
cific antigen (PSA) {806,992, 1033,295 1} 
Although the data are limited, prostatic 
well-differentiated neuroendocrine tu- 
mours tend to present with locally ad- 
vanced disease, including some with 
regional lymph node metastases, yet 
still have a favourable prognosis. Usual 
prostate adenocarcinoma can express 
neuroendocrine markers and can have a 
bland cytological appearance with areas 
resembling a well-differentiated neuroen- 
docrine tumour. In most reported cases 
with this carcinoid-like morphology, there 
was admixed usual prostate cancer or 
the carcinoid-like tumour expressed 
PSA {61}. Several carcinoid-like prostate 
cancers appear to be variants of Paneth 
cell-like neuroendocrine differentiation, 
with a paucity or absence of eosinophilic 
granules, in which PSA may be negative 
{1932}. Clinically, carcinoid-like adeno- 
carcinomas behave like ordinary pros- 
tate carcinomas. 


Small cell neuroendocrine carcinoma 
Small cell neuroendocrine carcinoma 


(SmCC) of the prostate, in its classic mor- 
phology, is identical to its more common 
counterpart in the lung {806,1932,2332, 


Fig, 3. 34 Prostate adenocarcinoma. A Areas showing chromogranin positivity. B Paneth cell-like neuroendocrine differentiation. C Rare Paneth- ike cells (arrow) and distinctive, 
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3914]. Pure SmCC is seenat initial diag- 
nosis in @boul 50-60% of cases, with the 
yemnaining cases admixed with prostate 
aninar adenocarcinoma. In mixes cases, 
ihe transition between the small cell ana 
acinar cemponenls is typically abrupt. 
Gleason score is NO! assigned {o the 
gcc, but only do the conventional ad- 
enocarcinoma component, which in 85% 
of cases is Gleason score > 8 {2913}, 
Morphalogical variations of SmCC in- 
clude intermediate cell type with slightly 
more open chromatin and visible small 
nucleoli, seen in about 30-40% of cases 
{2913}. Less commonly, there is the pres- 
ence of tumour giant cells and single fil- 
ing {2913}. On immunohistochemistry, 
the small cell component is positive for 
one or more neuroendocrine markers 
(e.g. Synaptophysin, chromogranin, and 
CD56) in almost 90% of cases {2332, 
2913}. PSA and other prostatic markers 
(eg. prostein) are positive in about 17- 
25% of cases, although often very focally 
(2332,2913}. In 24% and 35% of cases, 
respectively, positivity is noted for p63 
and high—molecular weight cytokeratins, 
which are typically negative in prostatic 
carcinoma {2332}. Thyroid transcription 
factor 1 expression is present in > 50% 
of small carcinomas of the prostate {21, 
20932332 ,2913}. Unlike usual prostate 
adenocarcinomas, the, majority of Sm- 
CCs are positive for nuclear p53 {469, 
2674}. AR expression and expression of 
AR target genes (e.g. the gene encoding 
PSA) are generally absent or low in pure 
prostatic SmCC cases {231,1658,1724, 
2767,2913}. |Immunohistochemistry is 
not necessary in tumours showing clas- 
sic histomorphology, although it is com- 
monly used for confirmation of the diag- 
nosis given the important prognostic and 
therapeutic ramifications. Although not 
routinely done, FISH or RT-PCR for TM- 
l ’'RSS2-ERG gene fusion can distinguish 
SmCCs of the prostate from those in oth- 
cr sites. This fusion is found in approxi- 
mately one half of both usual prostatic 
adenocarcinomas and prostatic SmCCs 
11079,1 724,2439}. TMPRSS2-ERG fusion 
In SmCC does not reliably generate ERG 
Protein overexpression detectable by im- 
MuUnohistochemistry, unlike in usual aci- 
nar carcinoma {1724}, 
Approximately 40-50% of SmCCs have a 
history of usual prostatic adenocarcino- 
Ma. The interval between the diagnosis 
Of SmCC and prior usual prostatic can- 
Cer ranges from 1 to 300 months, with 
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Fig. 3.35 Small cell neuroendocrine carcinoma of the prostate at low magnification 
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and at high magnification (B). 
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(A) 


C Mixed small cell and usual prostate adenocarcinoma. The tumour contains components of usual acinar 
adenocarcinoma (left) and small cell neuroendocrine carcinoma (right). 


a median of 25 months {2913}. Patients 
with SmCC often have visceral metasta- 
ses and less often have paraneoplastic 
syndromes. Bone metastases tend to be 
osieolytic. The median cancer-specific 
survival of patients with SmCC of the 


prostate Is 19 months; 60.5% of patients 
present with metastatic disease, with sur- 
vival related to stage {693}. With SmCC 
progressing from usual prostatic adeno- 
carcinoma, the median cancer-specific 
survival is only 7 months {2905}, Given the 
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high rate of occult metastases, clinically 
localized small cell prostate cancer is 
typically treated aggressively, often with 
multimodal therapy, with chemotherapy 
and radiation similar to that for limited- 
stage small cell lung cancer. Metastatic 
SmCC of the prostate is treated with regi- 
mens similar to those used to treat small 
cell lung carcinoma {114}. Some experts 
treat pure SmCC with chemotherapy 
alone, whereas others add androgen 
deprivation therapy; in cases with mixed 
adenocarcinoma and SmCC, patients 
are often treated with both androgen 
deprivation therapy and chemotherapy. 
Uncommonly, a significant component 
or the entire prostatic tumour shows 
morphological overlap between SmCC 
and usual prostate adenocarcinoma, 
without discrete classic SmCC or usual 
prostate adenocarcinoma components. 
It is not surprising that these cases exist, 
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because SmCC is thought to represent 
transdifferentiation from usual prostate 
adenocarcinoma {113}. It is particularly 
difficult to determine whether these over- 
lapping cases should be diagnosed as 
SmCC or adenocarcinoma with Gleason 
pattern 5. Because there has not been a 
specific category for these lesions, there 
are no data on their prognosis or optimal 
treatment. In difficult lesions, features fa- 
vouring SmCC include a Ki-67 labelling 
index > 50%, thyroid transcription fac- 
tor 1 positivity, and negative staining for 
prostate-specific markers. 


Large cell neuroendocrine carcinoma 

Large cell neuroendocrine carcinoma 
shows neuroendocrine differentiation in 
large nests with peripheral palisading and 
often geographical necrosis, in which the 
cytology is that of an acinar high-grade 
adenocarcinoma accompanied by a high 


Fy 


mitotic rate. Neuroendocrine differentia- 
tion is supported by immunohistochem- 
istry. Large cell neuroendocrine carcino- 
ma of the prostate is exceptionally rare, 
particularly its pure form {825}. Large 
cell neuroendocrine carcinoma has 
also been described in association with 
SmCC and adenocarcinoma. Given the 
rarity of this tumour and the fact that usu- 
al high-grade prostate adenocarcinoma 
with immunohistochemical expression of 
neuroendocrine markers has incorrectly 
been included in the category of large 
cell neuroendocrine carcinoma in the 
past, additional studies are needed to 
categorize the treatment and prognosis 
of large cell neuroendocrine carcinoma. 
In a study by Evans et al. {825), cases 
were associated with rapid dissemina- 
tion and death with metastatic disease at 
a mean of 7 months. 


Stromal tumour of uncertain 
malignant potential and stromal 
` sarcoma 

Detinition , 
Tumours of specialized prostalic stroma 
are rare. They. are classilied as prostatic 
romal tumours: of uncertain malignant 
sotential and prostatic stromal sarcomas 
[3 14.955, 1174}. 


ICD-O codes 

Stromal tumour of uncertain 
malignant potential 

Stromal sarcoma 


8935/1 
8935/3 


Epidemiology 

Stromal tumours of uncertain malignant 
potential and prostatic stromal sarcomas 
have been reported to occur in patients 
between the ages of 27 and 83 years, with 
a median patient age of 58 years. There 
are no known predisposing conditions. 


Clinical features ` 

Patients present with lower urinary tract 
obstruction, and less commonly with a 
palpable mass, haematuria, haemato- 
spermia, or rectal fullness. 


Macroscopy 

Stromal tumours of uncertain malignant 
potential are whitish tan, with a solid or 
solid-cystic pattern with smooth-walled 
cysts filled with bloody, mucinous, or 
clear fluid. Tumours involve the transition 
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Fig. 3.36 Stromal tumour of uncertain malignant 
potential. A Moderately hypercellular stroma showing 
degenerative atypia. B Hypercellular spindle cells with 
distinctive eosinophilic cytoplasm. 


zone or the peripheral zone and may 
range from incidental microscopic le- 
sions to masses as large as 15 cm. 


Histopathology 

There are five histological patterns of 
stromal tumour of uncertain malignant po- 
tential. The most common pattern is a hy- 


‘percellular stroma with scattered atypical 


but degenerative-looking cells admixed 
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with benign prostatic glands. The benign 
glands can exhibit crowding and com- 
plexity, as well as various other prolif- 
erations, including adenosis, squamous 
and urothelial metaplasia, basal cell hy- 
perplasia, high-grade prostatic intraepi- 
thelial neoplasia, and clear cell cribriform 
hyperplasia {1995}. A distinctive pattern 
of stromal tumour of uncertain malignant 
potential is the phyllodes subtype, with a 
leaf-like pattern and variably cellular fi- 
brous stroma covered by benign-looking 
prostatic epithelium. The myxoid pattern 
of stromal tumour of uncertain malignant 
potential has a myxoid stroma containing 
bland stromal cells, often without glands. 
Myxoid stromal tumour of uncertain ma- 
lignant potential lacks the nodularity and 
thick-walled vessels of nodular hyperpla- 
sia. The other two patterns of stromal tu- 
mour of uncertain malignant potential are 
subtle: a hypercellular stroma consisting 
of bland fusiform eosinophilic stromal 
cells admixed with benign glands and an 
epithelioid stromal pattern. Tumours can 
exhibit a mixture of patterns. 

Stromal sarcomas have the growth pat- 
tern of phyllodes tumours with malignant 
pleomorphic stroma or exhibit a fas- 
cicular growth pattern similar to that of 
leiomyosarcoma. 

Stromal tumours are positive for CD34 
and progesterone receptors and uncom- 
monly express estrogen receptors. 
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Fig. 3.38 Stromal sarcoma. A Malignant phyllodes tumour. B Malignant phyllodes tumour demonstrating markedly hypercellular, mitotically active stroma. 


Prognosis and predictive factors 

Most stromal tumours of uncertain ma- 
lignant potential do not exhibit aggres- 
sive behaviour. Occasionally, stromal 
tumours of uncertain malignant potential 
recur after resection, and these may be 
associated with prostatic stromal sarco- 
ma at diagnosis or may progress to stro- 
mal sarcoma. Stromal sarcoma has the 
potential to act aggressively. 


Leiomyosarcoma 


Definition 
Leiomyosarcoma is a rare malignant 
smooth muscle tumour. 


ICD-O code 8890/3 


Epidemiology 
Patients range in age from 40 to 70 years. 
There are, no predisposing conditions. 


Clinical features 
Patients present with obstructive symp- 
toms, perineal pain, or haematuria {500}. 
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Fig. 3,39 Leiomyosarcoma. Spindle cell tumour with cytological atypia a 


Macroscopy 

Leiomyosarcomas range from 3 to 20 cm, 
and usually present as a bulky mass that 
replaces the prostate, with extraprostatic 
extension (500}. 


Histopathology 

The tumours are similar to leiomyosar- 
coma at other sites, ranging from smooth 
muscle tumours showing moderate atyp- 
ia to pleomorphic sarcomas. Necrosis 
may be extensive {500,2837}. The tumour 
cells are immunoreactive for smooth 
muscle-specific actin and vimentin, with 
focal expression of desmin, cytokeratin, 
and S100 in some cases. The criteria 
for distinguishing leiomyosarcoma from 
atypical (symplastic) leiomyoma are simi- 
lar to those used other organs, including 
atypia, cellularity, necrosis, and mitotic 
activity. 


Prognosis and predictive factors 

Patients have a median survival of 
17 months (with a range of 21-44 months) 
and 1-year and 5-year actuarial survival 
rates of 68% and 26%, respectively. 


Factors associated with long-term sur- 
vival include complete surgical removal 
and absence of metastases at presenta- 
tion {2837}. 


Rhabdomyosarcoma 


Definition 
Rhabdomyosarcoma is a sarcoma with 
skeletal muscle differentiation. 


ICD-O code 8900/3 


Epidemiology 

Rhabdomyosarcoma is the most com- 
mon childhood malignancy of the pros- 
tate. In children, the tumour is classi- 
fied with rhabdomyosarcoma of the 
urinary bladder for treatment purposes. 
In adults, patient age at diagnosis ranges 
from 17 to 68 years {271,1829}. There are 
no known predisposing conditions. 


Clinical features 
Patients present with dysuria, pelvic 
pain, or mass. 
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re present. 


Macroscopy 
The tumours are large and show extra- 
prostatic extension. 


Histopathology 

In adults, rhabdomyosarcoma is com- 
posed of primitive undifferentiated round 
to spindle cells, without discernible or 
with only focal rhabdomyoblastic differ- 
entiation, and is classified as embryo- 
nal or spindle cell / pleomorphic types 
{145,271}. The tumours are positive for 
desmin. MyoD1 and myogenin are the 
most sensitive and specific markers 
{891 2353}. 


Prognosis and predictive factors 
Outcome for adults is poor, with nearly all 
patients dying from metastatic disease 
{1991}. 


Leiomyoma 


Definition 

Leiomyoma is a benign smooth muscle 
tumour > 1 cm. Smaller smooth muscle 
nodules are considered to be nodular 
leiomyomatous stromal hyperplasia. 


ICD-O code 8890/0 


Epidemiology and aetiology 

Prostatic leiomyoma wccurs in older pa- 
tients. It is rare, solitary, ancl of unknown 
etiology {2056}. 


Clinical features 

Obstructive urinary symptoms or abnor- 
mal digital rectal examination findings 
are typical. 


Macroscopy 

Leiomyoma is a circumscribed, single, 
nodular lesion commonly arising in the 
transition zone and not associated with 
benign prostatic hyperplasia. The tu- 
mours are white to yellow and range from 
1 cm to several centimetres in diameter 
{2056}. 


Histopathology 

The microscopic features are typical of 
smooth muscle tumours in other loca- 
tions. Leiomyoma can be distinguished 
from leiomyosarcoma based on its small 
size, low cellularity, circumscription, and 
lack of cytological atypia and mitosis 
{1235,2056}. 


Prognosis and predictive factors 
Leiomyomas are benign. 


Other mesench ymal tumours 


ICD-O codes 
Angiosarcoma 

Synovial Sarcoma 
Inflammatory myofibrohiastic 


tumour BEDS / 1 
Osteosarcoma 9180/3 
Undifferentiated pleomorphic 

sarcoma 8802/3 
Solitary fibrous tumour 8815/1 
Solitary fibrous tumour, 

malignant 8815/3 
Haemangioma 9120/0 
Granular cell tumour 9580/0 


There are several rare miscellaneous 
benign and malignant mesenchymal tu- 
mours of the prostate, including benign 
and malignant peripheral nerve sheath 
tumours, osteosarcoma, undifferentiated 
pleomorphic sarcoma, haemangioma, 
granular cell tumour, solitary fibrous tu- 
mour, chondrosarcoma, synovial sar- 
coma, and inflammatory myofibroblastic 
tumour. These tumours are morphologi- 
cally identical to their counterparts else- 
where. In the case of osteosarcoma, 
chondrosarcoma, and undifferentiated 
sarcoma, sarcomatoid carcinoma must 
be excluded. Rarely, gastrointestinal 
stromal tumours may be seen on pros- 
tate needle biopsy and even more rarely 
on transurethral resection of the prostate, 
signifying extrinsic compression of the 
prostate from a rectal or perirectal pri- 
mary {1175}. 
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Haematolymphoid tumours 


Lymphoma 


Definition 

Primary prostatic lymphoma is a neo- 
plasm of lymphoid origin arising in the 
prostate, with presenting symptoms relat- 
ed to prostatic enlargement and disease 
predominantly involving the prostate, 
without lymph nodal, hepatic, or splenic 
involvement (315}. Some series include 
patients with disease outside the pros- 
tate if patients present with symptoms of 
prostatic involvement {2617}. Lymphoma 
may also secondarily involve the prostate 
in patients with lymphoma arising else- 
where {315,523}. 


ICD-O codes 

Diffuse large B-cell lymphoma 

Chronic lymphocytic leukaemia / 
small lymphocytic lymphoma 9823/3 

Follicular lymphoma 9690/3 

Mantle cell lymphoma 9673/3 


9680/3 


Epidemiology a 

Prostatic lymphoma is rare. There are no 
established risk factors. Primary pros- 
tatic lymphoma accounts for 0.1% of all 
non-Hodgkin lymphomas and for 0.09% 
of prostatic neoplasms {2426}. In a large 
series of prostatic biopsies, transurethral 
resections, and prostatectomies, 0.17% 
of cases were involved by primary pros- 
tatic lymphoma and 0.14% of cases were 
secondarily involved by lymphoma {523}. 


Clinical features 

Prostatic lymphoma affects a broad age 
range of patients, with amean patient age 
of 60-70 years {315,317,523,855,2426, 
2617}. Patients typically have symptoms 
of bladder outlet obstruction, occasional- 
ly with acute urinary retention or haema- 
turia {815,523,1317}. In some cases, the 
lymphoma is an incidental finding {523, 
2999}. The prostate is usually enlarged, 
smooth, non-tender, and not as hard as 
in cases of carcinoma {317}. The findings 
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Fig. 3.41 Primary prostatic diffuse large B-cell lymphoma. A dense infiltrate of discohesive large atypical lymphoid cells 
with round to oval irregular or lobated nuclei, pale chromatin, and scant cytoplasm surrounds prostatic glands. 


are often similar to those associated with 
benign prostatic hyperplasia {855}. 


Histopathology 

Lymphomas involving the prostate in- 
clude diffuse large B-cell lymphomas 
{68,112,115,511,2447}, including rare 
intravascular large B-cell lymphoma 
{2999], follicular lymphoma {315,317}, 
chronic lymphocytic leukaemia / small 
lymphocytic lymphoma {523}, mantle cell 
lymphoma {523}, extranodal marginal 
zone lymphoma of mucosa-associated 
lymphoid tissue origin {1317,2721}, and 
very rare nasal-type extranodal NK/T-cell 
lymphoma {1319}. The relative propor- 
tions of these rare lymphomas vary be- 
tween series. Chronic lymphocytic leu- 
kaemia / small lymphocytic lymphoma 
and mantle cell lymphoma are more likely 
to involve the prostate secondarily than 
to present as primary lymphomas {523}. 
The histological and immunophenotypic 
features are similar to those of the same 
types of lymphoma in other sites. See Ta- 
ble 4.07 (p. 241). 


Prognosis and predictive factors 
The prognosis is similar to that for similar 
lymphomas presenting in other sites. 


Leukaemia 
ICD-O codes 
Acute myeloid leukaemia 9861/3 
B lymphoblastic 
leukaemia/lymphoma 9811/3 


Clinical features 

Clinically evident involvement of the 
prostate by leukaemia is rare. Very rare 
cases of myeloid sarcoma of the pros- 
tate representing the initial manifesta- 
tion of acute myeloid leukaemia {2257, 
2586} have been reported. The prostate 
has also (very rarely) been the first site 
of relapse in cases of acute myeloid leu- 
kaemia {96} and acute lymphoblastic leu- 
kaemia {1811). 


Histopathology 
See Table 4.07 (p. 241), 


miscellaneous tumours 


-O codes 
ICE adeneina 8440/0 
Neptiroblastoma 8960/3 
gnabdoid tumour 8963/3 
Clear cell adenocarcinoma 8310/3 
melanoma 8720/3 
paraganglioma 8693/1 
Neuroblastoma 9500/3 


cystadenoma i 
cysladenomas are characterized by 
multilocular prostatic cysts, sometimes 
massively enlarged. The tumours range 
Irom 7.5 to 20 cm. They are benign, but 
can recur if incompletely excised {1773}. 
Occurring between the bladder and rec- 
tum, cystadenoma can be separate from 
the prostate, attached by a pedicle, or 
intraprostatic {1651,1773}. Cystadeno- 
mas are well circumscribed, resembling 
nodular multicystic hyperplasia. Atrophic 
prostatic epithelium lines the cysts, stain- 
ing for prostate-specific antigen and 
prostate-specific acid phosphatase. 
High-grade prostatic intraepithelial neo- 
plasia and prostatic adenocarcinoma 
cat occur {58,1617}. When cystadenoma 
is intraprostatic, distinction from cystic 
nodular hyperplasia is difficult. Cystad- 
enoma should be diagnosed only when 
half of the prostate appears normal and 
the remainder of the gland is enlarged 
by a solitary encapsulated cystic nodule 
11137,1451}. 


Nċphroblastoma 

Nephroblastoma (also called Wilms tu- 
muar) rarely occurs in the prostate {413}. 
lt shows triphasic patterns. The possibil- 
ly of teratoma must be excluded. 


Rhabdoid tumour 

Malignant rhabdoid tumour of the pros- 
tale consists of pleomorphic cells with 
hanageneous eosinophilic cytoplasm 
and occasional paranuclear inclu- 
Sions {777}. The tumour cells stain for 


cytokeratin, epithelial membrane protein, 
and vimentin, but not for myogenin. Elec- 


tron microscopy reveals collections of 
paranuclear intermediate filaments. 


Germ cell tumours 

Fewer than 20 cases of primary germ 
cell tumours have been described in the 
prostate {1680}. Their etiology is unclear. 
An origin from pluripotent stem cells has 
been suggested. Non-seminomatous 
germ cell tumours are the most common 
of these entities, with teratoma being pre- 
dominant. Metastasis must be excluded 
{2735}. 


Clear cell adenocarcinoma 

Clear cell adenocarcinomas resem- 
bling those seen in the Müllerian system 
may develop in the prostate, originat- 
ing from the prostatic urethra, Mullerian 
derivatives, or (exceptionally) the pros- 
tatic parenchyma {1063,2122}. The tu- 
mour is composed of tubulocystic or 
papillary structures lined by cuboidal or 
hobnail cells with clear to eosinophilic 
cytoplasm. The tumour cells are nega- 
tive for prostate-specific antigen, but 
may exhibit cytoplasmic immunoreactiv- 
ity for cancer antigen 125 and nuclear 
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Fig. 3.42 Clear cell adenocarcinoma. Papillary structures lined with hobnail cells, 


immunoreactivity for PAX8 and HNF1. 
Because of the possible Müllerian difter- 
entiation, antiandrogen therapy should 
be avoided. 


Melanoma 

Primary malignant melanoma of the 
prostate is exceptional {2602}. Melanin 
deposition in the epithelium or stroma, 
blue naevus, and metastatic melanoma 
should be excluded. Melanosis in asso- 
ciation with acinar prostate cancer exists 
{1457}. 


Paraganglioma 

Most cases of paraganglioma occur in 
adults {2875}. Multifocality can exist, 
particularly in familial syndromes, and 
should not be misinterpreted as a metas- 
tasis {2156}. Exceptional malignant cas- 
es have been reported {2605}. Tumour 
size and location are important prognos- 
tic indicators {2174}. 


Neuroblastoma l 
Neuroblastoma, a childhood tumour, in- 
volves pelvic organs secondarily |1732, 
1994]. The prognosis depends on grade, 
stage, and associated genetic abnormal- 
ities (325}. 


Miscellaneous tumours 179 


————— 


i Tan P.H. 
Metastatic tumours o a | 


Definition 

Secondary tumours of the prostate are 
non-prostatic neoplasms that involve the 
prostate through direct spread or metas- 
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2.1% among prostate surgical specimens Fig. 3. 43 A Metastatic, poorly differentiated carcinoma, with focal signet ring features. This metastasis is from the 
(204] and 3.1% in autopsies {3064}. gastrointestinal tract. B CDX2 expression in a poorly differentiated gastrointestinal tract adenocarcinoma metastatic to 

the prostate. CDX2 expression is rarely seen in acinar adenocarcinoma of the prostate. 

Clinical features 

The symptoms are urinary retention Macroscopy Histopathology 

{528}, prostatism, haematuria, and pel- Secondary tumours can form nodules, The histopathological findings depend 
vic pain {204}. Patients may also present which may cause irregularity on digital on the primary tumour. Mucinous adeno- 
with elevated prostate-specific antigen rectal examination. carcinomas originating from the colorec- 
levels (2100}. tum, urinary bladder, or prostatic urethra 

may involve the prostatic parenchyma. 
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seminal vesicle tumours 


Adenocarcinoma 


finition , j 
pare | vesicle adenocarcinoma is an 


nocarcinoma arising from the epithe- 
of he seminal vesicle. Secondary 
vament should be excluded. 
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icD-0 code 8140/3 


Epidemiology l 
here are about 60 reported cases of pri- 


mary seminal vesicle adenocarcinoma. 
Most ol the men were 40-70 years old 
|235,319,2060,2704], with a mean age 
at diagnosis Of 62 years (ranging from 


13 to 90 years). 


Etiology 
The etiology is uncertain. It may be re- 


lated to testosterone stimulation {2704}. 


Localization 
These tumours are mainly located in the 
seminal vesicle. 


Clinical features 

Seminal vesicle adenocarcinoma pre- 
sents with obstructive uropathy {2060} 
and (rarely) haematospermia {776,2704). 
Befere diagnosing seminal vesicle ad- 
enecarcinoma, itis necessary to exclude 
spread from adenocarcinomas invading 
into the seminal vesicles from surround- 
ing organs, most often the prostate and 
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Fig. “3d A Menocsthene of 
mucinous features and goblet cells. 


less often the bladder or rectum (765). 
Seminal vesicle adenocarcinorna pre- 
sents as a cystic mass and some cases 
may be bilateral. Lymph node metas- 
tases can be found {389}. MRI may be 
helpful in determining the extent of the 
lesion {2012). 


Macroscopy 

The tumours are usually large (3-5 cm) 
with solid and cystic areas and may in- 
vade adjacent structures {235,765,2060). 


Histopathology 

Seminal vesicle adenocarcinoma is 
mostly a papillary clear cell tumour, with 
some trabecular and glandular patterns 
and occasional hobnail tumour cells and 
mucin secretion {765}. There is no ac- 
cepted grading system. Tumour cells are 
positive for carcinoembryonic antigen, 
CK7, and cancer antigen 125; CK20 can 
be either positive or negative; and pros- 
tate-specific antigen is negative {776, 
2096,2712}. Seminal vesicle intraepithe- 
lial neoplasia has been proposed as a 
putative precursor {1939}. 


Prognosis and predictive factors 

The typical therapeutic approach to the 
lesion is surgery, which together with 
chemotherapy can be curative {389}. 
However, prognosis is poor, with survival 
usually < 3 years, and penile metastasis 
and lung metastases have been reported 


the seminal vesicles with papillary growth and cystic change. “Reprinted from Egevad et al {765}. B Ad 
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(2712}. The tumour is responsive to adju- 
vant hormonal manipulation {235,2704}. 


Squamous Cell carcinoma 


Definition 
Squamous cell carcinoma, in the ab- 


sence of any gland formation or mucin 
secretion, has been seen. 
ICD-O code 8070/3 
Epidemiology 

Three cases have been reported. The 
patients were aged 54, 61, and 69 years 
{2661 ,2907,3007}. 


Clinical features 

Patients had intermittent painless gross 
haematuria, haematospermia, dysuria, 
and bladder outlet obstruction; serum 
prostate-specific antigen was normal 
{2907,3007). One tumour arose in an 
acquired cyst in a patient with history of 
gonorrhoea {3007}. 


Macroscopy 
The tumours were septated cystic and 
solid masses measuring 4-11 cm. 


Histopathology 

Keratinizing squamous cell carcinoma 
is observed along with squamous meta- 
plastic foci and variously sized cystic 
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spaces. The tumour is associated with 
marked chronic inflammation (2661, 
2907,3007}. 


Prognosis and predictive factors 

In one patient, rectal metastasis occurred 
7 months after resection, despite chemo- 
therapy, leading to death {2907}. Another 
patient had no evidence of disease after 
external beam radiation, with no recur- 
rence 2.5 years later (2661). 


Mixed epithelial and 
stromal tumours 


Definition 

Mixed epithelial and stromal tumours are 
biphasic tumours with stromal and be- 
nign epithelial components. 


ICD-O code 
Cystadenoma 8440/0 
Epidemiology 

Fewer than two dozen cases have been 
reported, in patients aged 37-66 years 
{194,836, 1599, 1610, 1720,2418}. 


Clinical features 

A mass above the prostate may be de- 
tected by digital rectal examination 
{1720} or CT {1610}. Mixed epithelial and 
stromal tumours may be an incidental 
finding or may present with obstruction. 


Macroscopy 
These cystic to solid masses can be as 
large as 14 cm in size {1720}. 


Histopathology 
In cystadenoma, gland spaces of various 
sizes are lined by non-atypical cells, are 
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arranged in a lobular pattern, and form 
branching lumens and cysts in a spindle 
cell stroma. Granular intraluminal secre- 
tions are usually noted. Epithelial cells 
are positive for cytokeratin and negative 
for prostate-specific antigen. Stromal 
cells are weakly positive for smooth mus- 
cle actin and negative for S100 protein 
{1720}. In fibroadenoma, the stromal 
component is more pronounced than in 
cystadenoma, and importantly, is nega- 
tive for carcinoembryonic antigen {1599}. 
However, adenosarcoma (also called 
cystosarcoma phyllodes) has a stroma 
that is focally densely cellular and con- 
denses around distorted gland spaces 
lined by cuboidal epithelium {836, 1599}. 


Prognosis and predictive factors 

No recurrences of cystadenoma or fi- 
broadenoma have been reported after 
excision. Adenosarcoma may be curable 
by cystoprostatectomy {1599} or may be 
incurable and metastatic {836}. 


Mesenchymal tumours 


Mesenchymal tumours of the seminal 
vesicle are rare. Secondary involvement 
should be excluded. 


Leiomyoma 

ICD-O code 8890/0 
These tumours can be as large as 5 cm, 
may be asymptomatic or cause lower uri- 
nary tract symptoms, and are cured by 
local excision {412}. 


Schwannoma 


ICD-O code 9560/0 


These tumours can be asymptomat- 
ic. One 4.7 cm, fluid-filled mass was 


asymptomatic in a 50-year-old man and 
showed characteristic Antoni A and An- 
toni B areas {1146}. 


Mammary-type myofibroblastoma 


ICD-O code 8825/0 
Most extramammary cases in men 
develop along the milk line in the 


subcutaneous tissue of the abdominal 
wall and groin. One case was reported 
in a 79-year-old man, The 3.5 cm mass 
was white and sharply demarcated, with 
fascicles of spindle cells that were more 
cellular than the surrounding seminal 
vesicle stroma. Cells were positive 
for desmin, CD34, estrogen receptor, 
progesterone receptor, and androgen 
receptor {1476}. 


Gastrointestinal stromal tumour, NOS 
ICD-O code 8936/1 
One case of a 7.0 cm gastrointestinal 
stromal tumour involving the seminal ves- 
icle was reported; the tumour was con- 
sidered to have arisen from the prostate 
and (as expected) was positive for DOG1 
and KIT {2664}. 


Leiomyosarcoma 

ICD-O code 8890/3 
Six cases have been described; the pa- 
tients had rectal symptoms and obstruc- 
tion but no haematuria. Metastases to 
lung and liver were detected 29 months 
after diagnosis in one case, but the pa- 
tient remained alive {423}. 


Angiosarcoma 

ICD-O code 9120/3 
Three cases have been reported, all of 
which were aggressive; two of the pa- 
tients died of distant metastasis within 
months. The third patient was cured 
with chemotherapy and chemoradiation 
{439}. 


Liposarcoma 

ICD-O code 8850/3 
One case has been reported, which was 
a collision tumour with prostatic adeno- 
carcinoma. The patient died from meta- 
static prostatic adenocarcinoma so the 
natural history is uncertain {1352}. 


Solitary fibrous tumour 

ICD-O code 8815/1 
Five cases have been reported {1421}. 
The patients presented with pelvic pain 
or haematuria. Other possible sites of in- 
volvement are the bladder and prostate 


Fig. 3.46 A Leiomyoma of the seminal vesicle. B Angiosarcoma of the seminal vesicle. 


[2949] Most cases are benign, cured by 
local resection (2949}. 


Haemangiopericytoma 

iCD-O code 9150/1 
One case of haemangiopericytoma has 
been reported, in a 39-year-old man who 
presented with hypoglycaemia {144}. 
Haemangiopericytoma is now consid- 
ered lo be acellular phase of solitary fi- 
brous lumour. The reported large mass 
originated in the seminal vesicle and 
lilled the pelvic cavity. Lymphovascular 
invasion was noted. No therapy was giv- 
en, and the patient died of disease after 
10 years {144}. The hypoglycaemia was 
attributed to a paraneoplastic syndrome 
irorn insulin-like growth factors. 


Miscellaneous seminal 
vesicle tumours 


Choriocarcinoma 

ICD-O code 9100/3 
One case has been reported, but be- 
Cause tumours were present in multiple 
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organs other than the testes, the diagno- 
sis is not definite [837]. 


Seminoma 

ICD-O code 906 1/3 
In one patient, the testes and retroper- 
itoneum were normal, establishing a 
primary seminal vesicle origin. The pre- 
sentation was ureteral obstruction. No re- 
currence was noted after excision {12}. 


Well-differentiated neuroendocrine 
tumour 

ICD-O code 8240/3 
One case has been reported, and the ap- 
pearance was a homogeneous mass on 
CT {2581}. 


Lymphoma 
ICD-O code 9680/3 
One case has been reported, in a 


35-year-old patient with diffuse large B- 
cell lymphoma, primary to the seminal 
vesicles {3091}. 
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Ewing sarcoma 

ICD-O code 9364/3 
A 26-year-old patient presented with a 
seminal vesicle-based mass that im- 
pinged on the bladder lumen {1602). 


Metastatic tumours 


By far the most common seminal vesicle 
tumour is Secondary adenocarcinoma of 
prostatic origin. Tumours invading the 
seminal vesicles are usually large and 
have a Gleason score > 7. Occasionally, 
urothelial carcinoma of the bladder and 
colonic adenocarcinoma may second- 
arily involve the seminal vesicles. The 
epithelial cells of seminal vesicles are 
positive for PAX8, PAX2, high-molecular 
weight cytokeratins (34BE12), and p63. 
They are negative for AMACR and pros- 
tate-specific markers. 
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CHAPTER 4 


Tumours of the testis and paratesticular tissue 
Germ cell tumours 
Sex cord-stromal tumours 
Tumour containing both germ cell and sex cord-stromal elements 
Miscellaneous tumours 
Haematolymphoid tumours 
Tumours of collecting duct and rete testis 
e: oy = Tumours of paratesticular structures 
ğ i a ee & Mesenchymal tumours of the spermatic cord-and testicular adnexa 
| 


Metastatic tumours. 
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WHO classification of tumours of the testis and 


paratesticular tissue 


Germ cell tumours derived from germ cell 
neoplasia in situ 

Non-invasive germ cell neoplasia 
Germ cell neoplasia in situ 


9064/2 


Specific forms of intratubular germ cell neoplasia 


Tumours of a single histological type (pure forms) 


Seminoma 
Seminoma with syncytiotrophoblast cells 
Non-seminomatous germ cell tumours 
Embryonal carcinoma 
Yolk sac tumour, postpubertal-type 
Trophoblastic tumours 
Choriocarcinoma 
Non-choriocarcinomatous 
trophoblastic tumours 
Placental site trophoblastic tumour 
Epithelioid trophoblastic tumour 
Cystic trophoblastic tumour 
Teratoma, postpubertal-type 
Teratoma with somatic-type malignancy 


Non-seminomatous germ cell tumours of more 


than one histological type 
Mixed germ cell tumours 

Germ cell tumours of unknown type 
Regressed germ cell tumours 


Germ cell tumours unrelated to germ cell 
neoplasia in situ 

Spermatocytic tumour 

Teratoma, prepubertal-type 
Dermoid cyst 
Epidermoid cyst 
Well-differentiated neuroendocrine tumour 

(monodermal teratoma) 

Mixed teratoma and yolk sac tumour, 
prepubertal-type 

Yolk sac tumour, prepubertal-type 


Sex cord-stromal tumours 
Pure tumours 
Leydig cell tumour 
Malignant Leydig cell tumour 
Sertoli cell tumour 
Malignant Sertoli cell tumour 
Large cell calcifying Sertoli cell tumour 
Intratubular large cell hyalinizing Sertoli 
cell neoplasia 
Granulosa cell tumour 
Adult granulosa cell tumour 
Juvenile granulosa cell tumour 
Tumours in the fibroma-thecoma group 


Mixed and unclassified sex cord-stromal tumours 


Mixed sex cord—stromal tumour 
Unclassified sex cord—stromal tumour 
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9061/3 
9070/3 
907 1/3 
9100/3 
9104/1 
9105/3 
9080/3 
9084/3 
9085/3 


9080/1 


9063/3 
9084/0 


8240/3 


9085/3 
907 1/3 


8650/1 
8650/3 
8640/1 
8640/3 
8642/1 


8643/1* 
8620/1 
8622/1* 
8600/0 


8592/1 
8591/1 


Tumour containing both germ cell and 
sex cord—stromal elements 
Gonadoblastoma 


Miscellaneous tumours of the testis 

Ovarian epithelial-type tumours 
Serous cystadenoma 
Serous tumour of borderline malignancy 
Serous cystadenocarcinoma 
Mucinous cystadenoma 
Mucinous borderline tumour 
Mucinous cystadenocarcinoma 
Endometrioid adenocarcinoma 
Clear cell adenocarcinoma 
Brenner tumour 

Juvenile xanthogranuloma 

Haemangioma 


Haematolymphoid tumours 

Diffuse large B-cell lymphoma 

Follicular lymphoma, NOS 

Extranodal NK/T-cell lymphoma, nasal-type 
Plasmacytoma 

Myeloid sarcoma 

Rosai-Dorfman disease 


Tumours of collecting duct and rete testis 
Adenoma 
Adenocarcinoma 


Tumours of paratesticular structures 
Adenomatoid tumour 
Mesothelioma 
Well-differentiated papillary mesothelioma 
Epididymal tumours 
Cystadenoma of the epididymis 
Papillary cystadenoma 
Adenocarcinoma of the epididymis 
Squamous cell carcinoma 
Melanotic neuroectodermal tumour 
Nephroblastoma 
Paraganglioma 


9073/1 


8441/0 
8442/1 
8441/3 
8470/0 
8472/1 
8470/3 
8380/3 
8310/3 
9000/0 


9120/0 


9680/3 
9690/3 
9719/3 
9734/3 
9930/3 


8140/0 
8140/3 


9054/0 
9050/3 
9052/0 


8440/0 
8450/0 
8140/3 
8070/3 
9363/0 
8960/3 
8693/1 


Mesenchymal tumours of the spermatic cord and 


testicular adnexa 

Adipocytic tumours 
Lipoma 
Well-differentiated liposarcoma 
Dedifferentiated liposarcoma 
Myxoid liposarcoma 
Pleomorphic liposarcoma 


8850/0 
8851/3 
8858/3 
8852/3 
8854/3 


Smooth muscle tumours 


Leiomyoma 8890/0 
Leiomyosarcoma 8890/3 
Skeletal muscle tumours 
Rhabdomyoma 8900/0 
Rhabdomyosarcoma 8900/3 
Embryonal type 8910/3 
Alveolar type 8920/3 
Pleomorphic type 8901/3 
Spindle cell / sclerosing type 8912/3 
Fibroblastic / myofibroblastic tumours 
Cellular angiofibroma 9160/0 
Mammary-type myofibroblastoma 8825/0 
Deep ("aggressive") angiomyxoma 8841/0 


Nerve sheath tumours 


Other mesench yMal tumours of the 


cord and testicular adnexa 
Haemangioma 


Spermalie 


| 9120/0 

Desmoplastic small round cell tumour 8806/3 
Metastatic tumours 

The morphology codes are from the Internationat Classification of Diseases 


for Oncology (ICD-O) {917A}. Behaviour is Coded /0 for benign tumours: 
/ for unspecified, borderline, or uncertain behaviour; /2 for carcinoma In 
situ and grade III intraepithelial neoplasia; and /3 {or Malignant tumours 
The classification is modified from the previous WHO classification {756A}. 
taking into account Changes in our understanding o! these lesions 


*New code approved by the IARC/WHO Committee for ICD-G 


TNM classification of germ cell tumours of the testis 


TNM classification®> 


T — Primary tumour 

Except for pT4 (where radical orchiectomy is not always necessary 
for classification purposes), the extent of the primary tumour is 
classified after radical orchiectomy (see pT — Primary tumour). 
Otherwise, TX is used if radical orchiectomy has not been 
performed. 


N — Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in lymph node(s) < 2 cm in greatest dimension 

N2 Metastasis in a single lymph node > 2 cm but < 5 cm in 
greatest dimension; or in multiple lymph nodes, with any 
mass > 2 cm but < 5 cm in greatest dimension 

N3 Metastasis in lymph node(s) > 5 cm in greatest dimension 


M — Distant metastasis 

Mo No distant metastasis 

M1 Distant metastasis 

Mia Non-regional lymph node or lung metastasis 
M1b Distant metastasis to other site(s) 


Pathological TNM classification (pTNM) 
pT -Primary tumour 
pTX Primary tumour cannot be assessed 
(see T- primary tumour) 
pTO No evidence of primary tumour 
(e.g. histological scar in testis) 
pTis Germ cell neoplasia in situ 


pTi Tumour limited to testis and epididymis, without vascular 
lymphatic invasion; tumour may invade tunica albuginea 
but not tunica vaginalis 

pT2 Tumour limited to testis and epididymis with vascular/ 
lymphatic invasion, or tumour extending through tunica 
albuginea with involvement of tunica vaginalis 

pT3 Tumour invades spermatic cord, with or without vascular 
lymphatic invasion 

pT4 Tumour invades scrotum, with or without vascular/ 
lymphatic invasion 


PN — Regional lymph nodes 

pNX — Regional lymph nodes cannot be assessed 

pNO Noregional lymph node metastasis 

pN1 Metastasis in < 5 lymph nodes, all < 2 cm in greatest 
dimension 

pN2 Metastasis in < 5 iymph nodes, > 2 cm but < 5 cm in 
greatest dimension; or in > 5 lymph nodes, all < 5 cm in 
greatest dimension; or evidence of extranodal extension of 
tumour 

PN3 Metastasis in lymph node(s) > 5 cm in greatest dimension 


S - Serum tumour markers® l 
SX Serum marker studies not available or not performed 


SO Serum marker study levels within normal limits 
LDH BhCG (mIU/mL) AFP (ng/mL) 
S1 < 1.5 x ULN and < 5 000 and < 1 000 
S2 1.5-10 x ULN or 5000-50000 or 1000-10 000 
or > 50 000 or > 10 000 


s3 > 10 x ULN 


Stage grouping 
StageO  opilis NO MO S0/SX 
Stagel pT1-4 NO MO SX 
Stage!A pTi NO MO So 
Stage |B pT2 NO MO So 
pT3 NO MO so 
pT4 NO MO SO 
Stage IS Any pT/TX NO MO $1-3 
Stage II Any pT/TX N1-3 MO SX 
Stage IIA AnypT/AX N1 MO So 
Any pTATX N1 MO Si 
Stage IIB AnypT/TX N2 MO SO 
Any pT/TX N2 MO Sil 
Stage IIC Any pT/TX N3 MO SO 
Any pT/TX_N3 MO Sil 
Stage Ill Any pT/TX Any N Mia SX 
Stage IIIA Any pT/TX Any N Mia So 
Any pT/TX Any N Mia Si 
Stage IIIB Any pT/TX N1-3 MO S2 
Any pT/TX Any N Mia S2 
Stage IIIC Any pT/TX N1-3 MO So 
Any pT/TX Any N Mia $3 
Any pT/TX Any N Mib Any S 
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Staging of germ cell tumours by the Paediatric Oncology Group 
(POG)? 


Stage | Tumour is limited to testis. There is no evidence of 
disease beyond the testis by clinical, histological, or 
radiographical examination. An appropriate decline in 
serum AFP has occurred (the half-life of AFP is 5 days) 

Stage Il Microscopic disease is located in the scrotum or high 
in the spermatic cord (< 5 cm from the proximal end). 
Retroperitoneal lymph node involvement is present 
(s 2 cm). Serum AFP is persistently elevated. 

Stage III Retroperitoneal lymph node involvement is present 
(> 2 cm). There is no visible evidence of visceral or 
extra-abdominal involvement. 

Stage IV Distant metastases are present. 


AFP, a-fetoprotein; LDH, lactate dehydrogenase; ULN, upper limit of normal; 
BhCG, B-subunit of human chorionic gonadotropin. 

aAdapted from Edge et al. {759} - used with permission of the American 
Joint Committee on Cancer (AJCC), Chicago, Illinois; the original and pri- 
mary source for this information is the AJCC Cancer Staging Manual, Sev- 
enth Edition (2010) published by Springer Science+Business Media — and 
Sobin et al. {2558A}. 

vA help desk for specific questions about TNM classification is available at 
http://www.uicc.org/resources/tnm/helpdesk. 

°Only post-orchiectomy serum markers are used for staging. 

%Adapted from the International Germ Cell Cancer Collaborative Group 
(IGCCCG) {1283} and Bost et al. {305A}. 


Germ cell tumours 


Germ cell tumours derived from 
germ cell neoplasia in situ 
p e  ——————— 


synonyms 
frype I| germ cell tumours of the testis; 


Germi cell tumours derived from carci- 
noria in situ /intratubular germ cell neo- 
plasia, unclassified (not recommended) 

Epidemiology 

Testicular germ cell tumours (TGCTs) - 
seminomas and non-seminomas - con- 
stitute more than 90% of all type Il germ 
cell tumours (GCTs) (2083,2598). They 
account for only 1% of all male cancers 
worldwide, but are the most common 
cancers among White men between pu- 
berty and their 40s in industrialized coun- 
tries (2739}. The overall worldwide inci- 
dence per 100 000 people is 1.5 cases, 
ranging from about 0.5 in Africa and Asia 
to > 12 in Norway and Switzerland (1965, 
2354, 2495,2739,3099}. The worldwide 
incidence has increased over the past 
40 years, more than -doubling in most 
North and South American and northern 
European countries. In previously low-in- 
cidence areas (e.g. Finland, Spain, Slo- 
venia, Chile, and Australasia), the rates 
are increasing rapidly and approach- 
iiy those in high-incidence areas {337, 
2739}. In the highest-incidence countries, 
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the rates seem to have stabilized {2739, 
3099}. In the USA, the incidence among 
Whites is 6.6 cases/100 000 people, ver- 
sus 1.2 cases among Blacks, and the 
incidence in both groups has increased 
over the past 30 years {1836,2598}. In 
most populations, slightly more than half 
of all T@CTs are seminomas. The rest are 
non-seminomas (2739}, but about one 
third of these have a seminoma com- 
ponent. The age distribution is approxi- 
mately bell-shaped, with presentation 
at a median age of 35 years for semi- 
noma, 25 years for non-seminoma, and 
30 years for non-seminomas with a semi- 
noma component {2080,2252}. 

The large differences in incidences 
among ethnic groups within the same 
society {2598} support the importance 
of genetic susceptibility, whereas geo- 
graphical differences and changes in 
immigrant populations {775,1637,1937} 
point to a causative role of environmental 
factors associated with industrialized life- 
styles, which probably favour underviri- 
lization of the developing male embryo 
{2265,2319]. The young average patient 
age, the bell-shaped age distribution, 
and the decreased risk for T@CTs among 
men born in North America and several 
European populations during World War 
Il {1929,3099} are consistent with tumour 
initiation during embryonal development. 


Fig. 4.01 Worldwide incidence of testicular germ cell tumours in postpuberlal men, There is substantial geographical 


hi 


vanatiori in testicular germ call tumour Incidence due to differences in ethnic background and lifestyle factors. The 
“i9hes! rates ara seen in White populations wilh an industrialized lifestyle; the lowest rates ere among Black populations 


1n daveloping countries, Fiom Globocan 2012, Ferlay et al, (848). 
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Etiology 


Genetic susceptibility 

TGCTs are partially heritable, with an 
estimated 25% af cases attributable 
to genetic susceptibility {614}. Familial 
Cases present 2-3 years earlier in life 
{1044}, No high-penetrance genes 
have been identified in linkage studies 
in TGCT families {591,1044}. The gr/gr 
microdeletion in the AZFc region of the 
Y chromosome has been identified as a 
low-penetrance susceptibility allele. It is 
present in 2-3% of TGCTs and multiplies 
the risk by 2-3 times, perhaps via its 
association with infertility (2010}. The 
small number of affected family members, 
usually a father and a son (4 times the 
risk) or two brothers (6-10 times the risk): 
the higher risk in monozygotic versus 
dizygotic twins {2657}; and the multiple 
gene variants identified in recent genome- 
wide association studies are consistent 
with the existence of multiple autosomal 
recessive low-penetrance susceptibility 
genes {1155,1161,1162,1674,2795}. The 
genetic disorders linked to an increased 
risk of TGCT include several disorders 
of sex development: mosaicism for sex 
chromosome aneuploidy (45,X/46,XY), 
AR gene mutations {1730}, and SRY 
gene mutations {570,2816}. About 20 
gene variants have been identified that 
are plausibly involved in the biology 
of TGCTs, including KIT, KITLG, and 
downstream pathways and genes 
involved in the proliferation and 
apoptosis of early germ cells, telomere 
maintenance, testis differentiation, and 
sex determination (526,1044,1371,1372, 
1496,2283,2455,2764}, accounting for 
about 15% of the excess familial risk to 
brothers and 22% of the excess risk to 
sons {2370}. Remarkably, these variants 
have no association with other established 
risk factors (i.e. cryptorchidism, inguinal 
hernia, age at diagnosis, and prior 
or concomitant TGCT) (1517}. The 
differences in TGCT risk between Whites 
and Blacks may be partly explained by 
differences in the frequency of risk alleles 
(e.g. within KITLG {2282}) and perhaps 
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«@= Nonseminoma w/o seminoma (n=569) 
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Fig. 4.02 Patient age distributions of various forms of testicular germ cell tumours. Patient age at time of orchiectomy 
among 729 cases of pure seminoma (blue line), 569 cases of non-seminoma without (w/o) a seminoma component 
(green line), and 259 cases of seminoma with (w/) a non-seminoma component (orange line). Note the intermediate age 


peak among the cases of seminoma with non-seminoma. 


Data from Pugh {2251}. 


Table 4.01 Risk factors in seminoma and non-seminoma after failure of cisplatin-based first-line treatment; reprinted 


from Beyer et al. (255 


_— _ORINED or PR- 


in the distribution of 
variants of the AR gene {2846}. 


by differences 


Risk factors (including environmental) 
The established risk factors for TGCT 
are family history {899,1154,1160,2575, 
2948}, previous TGCT {2900}, subfertil- 
ity {175,724,1303,1304}, undescended 
testis {898}, and testicular microlithiasis 
in subfertile patients {669,2805}. There is 
no evidence of an increased incidence of 
these risk factors among the male fam- 
ily members of TGCT patients, apart from 
infertility {2314} and perhaps testicular 
microlithiasis {541,1485}. 
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Perinatal risk factors include maternal 
bleeding, birth order, number of siblings, 
cryptorchidism, inguinal hernia, twinning, 
and possibly low birth weight (566,567, 
614}. In utero exposure to diethylstilbes- 
trol may increase TGCT risk {2627}. Impli- 
cated factors in adolescence and adult- 
hood include occupational exposures 
(e.g. firefighting, aircraft maintenance) 
and exposure to organochlorine pesti- 
cides {1837}. There is also an intriguing 
association between frequent marijuana 
use and increased risk of non-seminoma 
{628,2740}. 


slicular tissue 


Nomenclature of precursor lesion for 
testicular germ cell tumours 

Historically, various terms have been useg¢| 
for the precursor lesion of postpubertal. 
type TGCTs, including “carcinoma jn 
situ", which was introduced in the first de- 
scription by Skakkebaek in 1972 (2537), 
and later “intratubular germ cell neopla. 
sia, unclassified”. Neither term was en- 
tirely satisfactory, given the non-epithelial 
nature of some GCTs and the uncertainty 
induced in some people’s minds by the 
word “unclassified”. Therefore, a new uni- 
fying term is introduced: “germ cell neo- 
plasia in situ (GCNIS)", which is a fusion 
of the terms “carcinoma in situ” and “in- 
tratubular germ cell neoplasia, unclassi- 
fied”. The term “GCNIS” refers to neoplas- 
tic, embryonic-type germ cells confined 
to the spermatogonial stem cell niche 


Etiology and pathogenesis 


Germ cell neoplasia in situ 

The causes of GCNIS and derived 
TGCTs are incompletely understood, 
except in cases of disorders of sex de- 
velopment with known genetic defects 
causing insufficient gonadal virilization 
Most patients with GCNIS or seminoma/ 
non-seminoma have no known genetic 
abnormalities. In bilateral cases, muta- 
tion of KIT may be the initiating event 
{263,542,1694,2281}. The hypothesis 
that GCNIS cells are derived from primor- 
dial germ cells / gonocytes that failed to 
differentiate into spermatogonia is sup- 
ported by solid evidence {2265,2816}. 
First, GCNIS cells are morphologically 
very similar to fetal gonocytes {2035}. 
Second, GCNIS cells and gonocytes ex- 
press the same embryonic markers and 


CIS IGCNU 


Fig. 4.03 The evolution of the term “germ cell neoplasia 
in situ (GCNIS)". The term is a synthesis of the two 
previously used and most widely accepted names for 
the. precursor lesion to the great majority of invasive 
testicular germ cell tumours; “carcinomain situ (CIS)" and 
“intratubular germ cell neoplasia, unclassified (IGCNU)*. 
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have closely overlapping transcription 
profiles {62,1130,1701,2571} and simi- 
lar epigenetic features {64,2025,2946}, 
Third, the association of GCNIS with dis- 
orders of sex development / testicular 
dysgenesis syndrome (including cryp- 
torchidism, hypospadias, male infertility, 
impaired testicular development, and 
TGCT) is in line with the assumption that 
aberrant fetal gonadal development is a 
significant pathogenic factor {2265,2319, 
2540,2816}. 

Maturation delay of gonocytes may be 
secondary to an inadequate micromi- 
lieu created due to insufficient function 
of testicular somatic cells, Sertoli cells, 
and/or Leydig cells. Sertoli cells are 
sometimes morphologically undifferen- 
tiated, particularly in disorders of sex 
development / testicular dysgenesis 
syndrome cases (see also Gonadoblas- 
toma, p. 236), but also in adult men with 
infertility {1208,2679}. Abnormal andro- 
gen signalling may be a main etiological 
factor. Individuals with partial androgen 
insensitivity syndrome are at greater risk 
of invasive TGCT than are patients with 
the complete form (1113,1385}. 

lt is believed that failure of gonocytes 
to switch off expression of OCT3/4 (also 
called POU5F1), which normally occurs 
when they relocate from the centre of 
the seminiferous tubules to the sper- 
matogonial niche, is an early event in the 
pathway to GCNIS because it creates 
a window for coexpression of OCT3/4 
and testis-specific Y-encoded protein 
(TSPY), of which only the latter is nor- 
mally expressed in this niche {568,572, 
573,1186,1224, 1385,2086}. Coexpres- 
sion of OCT3/4 (which is antiapoptotic) 
and TSPY (which stimulates proliferation) 
{1410,2092} and the concomitant ex- 
pression of KIT ligand (also called stem 
cell factor), supposedly by Sertoli cells, 
possibly drives neoplastic transformation 
of maturation-delayed gonocytes (which 
express KIT) via pre-GCNIS to overt GC- 
NIS {570,1385,2622}. The association of 
a higher risk of T@CT with SNP variants 
of KITLG {1371 ,2283}, for example, might 
be mechanistically explained by interfer- 
ence with KIT signalling between Ser- 
toli cells and gonocytes {978,2086,2816, 
3066]. The early progression stages can 
be morphologically defined as follows: 
(1) detayed maturation of gonocytes (ex- 
pression of OCT3/4 in centrally located 
Qonocytes beyond the age of 6 months); 
(2) pre-GCNIS lesion (gonocytes located 
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Fig. 4.04 A pathogenetic model for the various types of testicular germ cell tumours. Germ cell neoplasia in situ (GCNIS) 
originates from a primordial germcell or gonocyte blocked inits maturation to a pre-spermatogonium. Polyploidization is 
an early, possibly initiating, step in the formation of GCNIS, resulting in a pre- or partially erased, aneuploid, transformed 
germ cell that remains dormant until puberty; after puberty it progresses either to seminoma (the default pathway, 
occurring in ~40% of cases) or to one of the non-seminomas (occurring in ~60% of cases, which may also include 
a seminoma component). The non-seminomas include the stem cell-like embryonal carcinoma, the extraembryonic 
lineages (yolk sac tumour and choriocarcinoma), and the somatic lineage (teratoma). This progression is related to 
the gain and loss of specific chromosomal regions (as shown in the diagram), in which a gain of the short arm of 
chromosome 12, predominantly as isochromosomes, is likely the driving mechanism for Sertoli cell independent growth. 
In addition, KIT mutations are a recurrent finding. The germ cell tumours unrelated to GCNIS include the prepubertal- 
type teratomas and yolk sac tumours, as well as the spermatocytic tumours. The teratomas unrelated to GCNIS originate 
from an embryonic stem cell or primordial germ cell / gonocyte, but are restricted in their developmental potential (unlike 
the GCNIS-related germ cell tumours), likely because of the different stage of development of the originating cell, as 
reflected by genomic imprinting. The yolk sac tumours unrelated to GCNIS also show specific chromosomal gains and 
losses (as shown), and result from progression of the teratoma component. The spermatocytic tumour originates from 
a spermatogonium or spermatocyte, and gain of chromosome 9 is the only recurrent chromosomal anomaly. Rarely, 
mutations can occur in HRAS and FGFR3. 
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Fig. 4.05 A diagrammatic illustration of the investigation of microRNAs (miRs) as serum markers for testicular germ cell 
tumours. GCC, germ cell cancer; TSmiR, targeted serum microRNA. Reprinted from Gillis et al. {989}. 


at the basement membrane, coexpress- 
ing OCT3/4 and TSPY in a heterogeneous 
pattern, accompanied by focal KIT ligand 
expression in the tubules by Sertoli cells); 
(3) GCNIS (atypical gonocytes located at 
the basement membrane, with consistent 


expression of OCT3/4 and accompanied 
by KIT ligand expression in the tubules by 
Sertoli cells and, in an autocrine fashion, 
by the atypical gonocytes, usually also 
with coexpression of TSPY). The GCNIS 
cells meet the established morphological 
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Table 4.02 The three types of germ cell tumour occurring in the testis; adapted from Oosterhuis et al. {2083} 


Typ 


Related to germ cell 
neoplasia in situ? 


No 
No precursor 
identified 


Yes 


No 

Intratubular 
spermatocytic tumour 
is likely precursor 


Patient age 


Usually < 6 years 
Rare in postpubertal 
testis 


Postpubertal 

Median age with 
seminoma: 35 years; 
with non-seminoma: 
25 years 


Usually > 50 years 


Other anatomical 
sites 


Ovary, sacral region, 
retroperitoneum, 
mediastinum, neck, 
midline brain, and 
other rare sites 


Ovary, dysgenetic 
gonad, anterior 
mediastinum 
(thymus), and midline 
brain (pineal gland 
and hypothalamus) 


None 


Phenotype 


(Immature) 
teratoma and/or 
yolk sac tumour 


Germ cell 
neoplasia in situ 
Seminoma/non- 
seminoma 


Spermatocytic 
tumour 


Originating cell 
(genomic Imprinting) 


Embryonic stem cell / 
primordial germ cell / 
gonocyte 

(pre-/partially erased) 


Primordial germ cell / 
gonocyte 
([partially] erased) 


Spermatogonium / 
spermatocyte 
(erased, partially 
paternal) 


Genotype 


Diploid (teratoma), 
aneuploid (yolk sac 
tumour): 

Gain of 1q, 12(p13), 
and 20q 

Loss of 1p, 4, and 6q 


Aneuploid (+ triploid): 
Gain of X, 7, 8, 12p, 
and 21 

Loss of Y, 1p, 11, 13, 
and 18 

Infrequent mutations 
that may affect K/T, 
KRAS, and TP53 


Aneuploid: 

Gain of 9 

Infrequent mutations 
in HRASand FGFR3 


Animal model 


Mouse teratoma / 


yolk sac tumour 


Not available 


So-called seminoma 
of dog and other 
animals 


criteria described in Germ cell neoplasia 
in situ (p. 199) {1385 ,2086}. 


Seminoma and non-seminoma 

GCNIS is the common precursor of 
seminomas and non-seminomas {2537}, 
which are tumours composed of trans- 
formed gonocytes and neoplastic carica- 
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tures of embryonic development, respec- 
tively. The default progression of GCNIS 
is via intratubular seminoma into invasive 
seminoma. Non-seminoma_ develops 
when a GCNIS cell or a seminoma cell 
becomes reprogrammed to an embryo- 
nal carcinoma (EC) cell — the neoplas- 
tic counterpart of the human embryonal 


Fig, 4.06 Maturation-delayed gonocytes and pre—germ cell neoplasia in situ. A Delayed maturation in the gonad of a 10-month-old infant, with OCT3/4-positive germ cells (brown) in 


stem cell {2081 ,2585}, which is compara- 
ble to the reprogramming of murine ane 
human primordial germ cells to embryo- 
nal stem cells {723,1823,2222 2494}, EC 
cells express OCT3/4 in combination 
with SOX2, in contrast to GCNIS and 
seminoma cells, which express OCT3/4 
in combination with SOX17, the dominant 
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the centre of the tubules. B The same area shown in panel A; double-staining for OCT3/4 (orange) and testis-specific Y-encoded protein (blue) shows that most of the testis-specific 
Y-encoded protein-expressing cells are in the spermatogonial niche, whereas the OCT3/4-reactive cells are more centrally located; there is little coexpression of the markers. C The 
area shown in panels A and B is negative for KIT ligand. D Pre-germ cell neoplasia in situ in the gonad of a 9-year-old child, with most of the OCT3/4-positive germ cells attached to 
the basal lamina. E Detail of the area shown in panel D; double-staining for OCT3/4 and testis-specific Y-encoded protein shows the heterogeneity of the germ cells within the tubules; 
some cells are positive for both OCT3/4 and testis-specific Y-encoded protein (single arrows) and others are positive only for testis-specific Y-encoded protein (double arrows). F The 
area shown in panel E shows strong focal positivity for KIT ligand (red). Reprinted from Kaprova-Pleskacova et al. {1385}. 
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A“ oter he development of invasive 
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TATAR] f i 
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awning 11914]. 
eTe AET what causes the neoplas 
tic germ cell to undergo reprogramming 
info an EC cell, EC cells are the pluripo- 
teni slem cells Of non-seminoma |101}, 
capably of producing the extraembry- 
onic components: yolk sac tumour (YST), 
secreting a-fetoprotein; trophoblastic gi- 
ant cells and/or Choriocarcinoma, secrel- 
ing hurnan chorionic gonadotropin; the 
various somatic tissue lineages; and the 
germ lineage {1225}. Consistent with re- 
cent evitlence that cancer stem cells are 
the metastasizing subpopulation in ma- 
lignancies (1111}, tumour emboli of non- 
seminomas in vessels are, with rare ex- 
ceptions, composed of EC cells {2787}. 
In metastatic sites, EC cells regrow and 
differentiate, as demonstrated in the 
mouse model of a metastasizing retrans- 
plantable embryo-derived _ teratocarci- 
noma {2090}. The level of differentiation 
at the metastatic site is usually less than 
that in the primary tumour {2089}, particu- 
larly in visceral metastases, which rarely 
contain teratoma Components {1035}. 
Invasive seminoma invariably elicits an 
inflammatory host response, usually 
composed of lymphocytes, macrophag- 
es plasma cells, and a granulomatous 
reachon, which may also involve tu- 
bules cuntaining GCNIS. It may cause 
Ce@iplete regression of seminoma, leav- 
nG he scar of a regressed (so-called 
huntout) tumour, and of GCNIS and 
Mralubular seminoma, whereby the tu- 
bules €vantually become completely 
tibrosecl. This host response, and prob- 
ably the older patient age, explains why 
9 NIS iS Usually much less extensive 

seminoma than in non-seminoma 
emesis It likely Contributes to the 
ia nical presentation of seminoma. 

Patients with AIDS, the median patient 
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invasive seminoma into non-seminoma components (see text). This low-power view shows foci of reprogramming into 
embryonal carcinoma (EC), teratoma (T), yolk sac tumour (YST), and choriocarcinoma (CC). B A focus of embryonal 
carcinoma. C Teratoma with intestinal epithelium with goblet cells. D Yolk sac tumour. E Focal choriocarcinoma. 


age at presentation is similar for semi- 
noma and non-seminoma (25 years). In 
addition, a higher risk of disseminated 
seminoma has been reported in pa- 
tients with AIDS, suggesting a protective 
role of an intact immune system {1006}. 


Progression: treatment resistance 

Among the solid tumours occurring in 
adults, TCTs have the highest sensitiv- 
ity to DNA-damaging agents, resulting in 


cure rates of > 80% in disseminated dis- 
ease {1283}. Seminomas are extremely 
sensitive to radiotherapy and cisplatin- 
based chemotherapy. The typical failure 
of seminoma cells to repair radiation- 
induced double-strand breaks, requir- 
ing homologous recombination, is lost 
upon reprogramming from seminoma to 
non-seminoma. 

Because progression from gonocyte to 
TGCT does not require significant DNA 
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Fig, 4.08 Vascular invasion by non-seminoma and intratubular 
lymphatics (bottomrow, G-I) in stage | non-seminoma compared with intratubular non-seminoma (embryonal carcinoma; middle row, D-F). |n non-seminoma, vascular invasion is an 
important factor predicting recurrent disease. Vascular invasion was missed on H&E staining (left column; A and G) in the illustrated cases. The demonstration of vascular invasion 
may be facilitated using CD31 staining (right column; C, F, and I) to demonstrate endothelium of blood vessels and podoplanin staining (middle column; B, E, and H) to demonstrate 
endothelium of lymphatics. Note that the tumour cells in the vessels are embryonal carcinoma cells. Intratubular non-seminoma (middle row, D-F), which is virtually without exception 
composed of embryonal carcinoma, may resemble vascular invasion; the common presence of necrosis and negative staining for endothelial markers help to distinguish it from 


vascular invasion. 


damage, in keeping with the rarity of mu- 
tations in TGCT {608}, there is no selec- 
tive pressure for loss of function of TP53 
{2882}. Therefore, in TGCTs, unlike most 
cancers, the DNA-damage response re- 
mains intact {321,1298,2319,2357}, and 
is in fact hypersensitive, as in normal 
germ and embryonal stem cells, which 
upon DNA damage induce wildtype 
TP53 simultaneous with absence of 
p2i-caused cell cycle arrest {1495}. 
Therefore, instead of cells with damaged 
DNA being repaired, they are eliminated 
through a low threshold of apoptosis. 
This hypersensitive germ cell-embryonal 
phenotype probably explains the overall 
sensitivity of TGCT to DNA-damaging 
agents {207,274,1495,1497]. The em- 
bryonal phenotype is lost upon (somatic) 
differentiation into teratoma, of which the 
adult tissue stem cells can survive DNA 
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damage by prolonged G1 and G2 arrest 
and proficient repair {321,1298,2319}, 
explaining the phenomenon of residual 


Fig. 4.09 Germ cell differentiation in non-seminoma. This 
teratoma component has a tubular structure containing 
cells that are positive for testis-specific Y-encoded 
protein, which is normally not expressed by seminoma 
cells and is indicative of germ cell differentiation in 
the lining epithelium; similar cells are present in the 
surrounding stroma. 


cular tissue 


teratoma after chemotherapy, which is 
usually associated with primary tumours 
that have a teratoma component {2089}. 
Primary and acquired resistance is rela 
tively rare in TGCTs, probably because 
of the low mutation rate in these tumours 
{321,608}. The molecular mechanisms of 
cisplatin resistance, which are also large- 
ly invoked upon spontaneous somatic 
differentiation, are: (1) downregulation 
of OCT3/4 (e.g. due to hypoxia, retinoic 
acid treatment, or exposure to cisplatin) 
and failure to induce the apoptotic fac- 
tors PUMA and Noxa; (2) changes in the 
expression levels of microRNAs, includ- 
ing miR-17/-106b, miR-302a, and miR- 
371-373; (3) elevated levels of MDM2 
and cytoplasmic translocation of p21 by 
phosphorylation; and (4) activation of the 
PDGFRB/PI3K/AKT signalling pathway 
{1298}. 
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for glypican 3 but negative for a-fetoprotein (not shown). 


Progression. somatic-iype malignancy 
Mature teratoma, despite its often biand 
Morphology, shares the (cyto)genetic ab- 
Srrations of the other tumour components 
(2834), enabling it to further progress 
Mte secondary somatic-type malignan- 
Ses (1535,2774], which occur in 3-6% 
Primary testicular non-seminomas 
{1083}, 8% of post-chemotherapy retro- 
Peritoneal specimens {410}, and > 20% 
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of late recurrences {1886}. In addition 
to 12p aberrations {988,1535,1963}, the 
somatic-type malignancies may have the 
genetic characteristics of their somatic 
counterparts, including 2q37 rearrange- 
ments in rhabdomyosarcoma, TP53 mu- 
tations in sarcomas, and t(11;22) trans- 
locations in primitive neuroectodermal 
tumours {429}, although most primitive 


tumour resembles ade ‘in t 
eactivity for glypican 3; a-fetoprotein is also typically reactive (not shown). © In 
tin a myxoid and collagenous stroma. D The sarcomatoid yolk sac tumour cells are strongly reactive 
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neuroectodermal tumours are of central 
type and lack this translocation {2772}. 


Localization 

GCTs derived from GCNIS occur in the 
testis (scrotal, inguinal, or abdominal). 
They are usually unilateral, but about 5% 
of cases are bilateral, either synchronous 
or (more often) metachronous. 
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germ cell neoplasia in situ. x100 magnification of intratubular 
embryonal carcinoma (in the left of each image) and germ cell neoplasia in situ (in the right of each image). A H&E 
staining. B The nuclei of embryonal carcinoma and germ cell neoplasia in situ are both positive for OCT3/4, with 
characteristic cytoplasmic staining in embryonal carcinoma but not in germ cell neoplasia in situ. C Only the nuclei of 
germ cell neoplasia in situ are positive for SOX17. D Only the nuclei of embryonal carcinoma are strongly positive for 
SOX2 (weak staining of Sertoli cell nuclei). 
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Fig. 4.13 Human embryonal stem cells in vitro acquire chromosomal changes similar to those seen in testicular germ 
cell tumours (i.e..gain of chromosomes 12 and 17). A The derivative chromosome der(6)t(6;17) present in the subline 
of H7, shown by (from left to right) G-banding, multiplex FISH for chromosome 17q marker, subtelomeric probes for 
chromosome 6, and ERBB2 (also called HER locus-specific probes for chromosome 17q; these data indicate the 
presence of a complete extra copy of 17q, translocated to chromosome 6, apparently without loss of chromosome 6 
material. B An isochromosome 12p present in a clonal subline of the H7 cells adapted to culture on Matrigel in the 
absence of feeders or feeder-conditioned medium (subline H7.S6-5ANF), shown by G-banding and FISH using a 12p 
subtelomeric probe; these cells retained the der(6)t(6;17)(q27:q1) chromosome. Reprinted from Draper et al. {731}. 


Fig. 4.14 Comparative genomic hybridization on isolated germ cell neoplasia in situ (far left) and three different 
histological variants of an invasive primary non-seminoma of the adult testis (left is embryonal carcinoma, middle is 
teratoma, and right is yolk sac tumour). Note the absence of gain of 12p in the precursor lesion, whereas it is present in 
the various types of invasive elements. 
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Fig. 4.15 Low mutation rate in seminoma. A log-scale 
comparison of the number of non-synonymous mutations 
per tumour in seminomas, haematolymphoid tumours, and 
paediatric and adult solid tumours; the left and right vertical 
bars indicate the first and third quartiles, respectively; 
the middle bars indicate the median. EAC, oesophageal 
adenocarcinoma; ESCC, oesophageal squamous cell 
carcinoma; MSI, microsatellite instability; MSS, microsatellite 
stable; NSCLC, non-small cell lung carcinoma; SCLC, small 
cell lung carcinoma. Reprinted from Cutcutache et al. {608}. 


Clinical features 


Tumour spread and staging 

Over the past 30 years, the percentages 
of seminomas and non-seminomas pre- 
senting in Clinical stage | have increased 
to > 80% and > 60%, respectively {636, 
1153,2238,2574}. In clinical stage | pa- 
tients, metastasis later becomes mani- 
fest in about 15% of seminomas (within 
3 years) and 20% of non-seminomas 
(within 2 years) {1055,1478}. TGCTs ini- 
tially metastasize to ipsilateral retroperito- 
neal para-aortal lymph nodes, and rarely 
to pelvic nodes. A retroperitoneal me- 
tastasis of an undetected or regressed 
(so-called burnt-out) TGCT should not 
be confused with a primary extragonadal 


ig. 4.16 Germ cell tumour genetics. A Example of G-banding of chromosome 12s (left) and an isochromosome 12p (i[12p], right 
agilt testis. B Schematic representation of a normal chromosome 12 (left) and an i(12p) (right). C Representative example of FISH 


} isolated from a primary non-seminoma of the 
on an interphase nucleus of a cell line derived 


irom a primary non-seminoma of the adult testis, The centromeric region of chromosome 12 is stained in red, while part of 12p is stained in green, Note the presence of three normal 
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GET 1902,1848}. Visceral metastases 
tọ lung, liver, brain, or bone rarely de- 
velop before lymph node metastases. 
Evaluation of the orchiectomy speci- 
men entails classification of the tumour 
and staging of the primary tumour (see 
the tables at the beginning of this chap- 
ter. pp. 186-188), particularly for clini- 
cal stage | patients. Malignant testicular 
tumours are staged using the current 
eailion of the TNM staging system 
{759}. This requires thorough sampling 
ol grossly different areas, with at least 
one block per centimetre of diameter in 
lager tumours. Seminomas should be 
scrutinized for small non-seminoma com- 
ponents, Sections should include tunica 
vaginalis, epididymis, testicular hilum, 
and spermatic cord {239}. The hilum is 
the pathway of extratesticular extension, 
through the rete testis and into soft tis- 
sua {735}, Rete testis invasion occurs in 
aleeut half (52%) of non-seminomas, and 


Fig. 4.17 Seminoma. FISH analysis in a representative 
nucleus from a seminoma shows KIT amplification, 
with multiple copies of KIT (blue-green) relative to the 
centromere of chromosome 4 (red). Reprinted from 
Mcintyre et al. {1841}. 


hilar soft tissue invasion occurs in ap- 
proximately a third (28%). It is retrospec- 
tively associated with advanced clinical 
stage at presentation in non-seminomas 
{3022}. In clinical stage | seminomas, 
there is some evidence that tumour size 
> 4 cm and rete testis invasion correlate 
with a higher risk of retroperitoneal re- 
lapse; the risk is 15-20% with and < 5% 
without these risk factors {548,2797, 
2919,2920,2921). The risk factors in clini- 
cal stage | non-seminomas are vascular 
invasion, presence of EC, and rete testis 
invasion {636,910}. With these risk fac- 
tors, the relapse rate is 50%, versus 12% 
without them {636}. 


Macroscopy and histopathology 
See the sections on the various subtypes. 


Genetic profile 
Tetraploidization is crucial in the trans- 
formation of gonocytes to TGCTs {662, 


ymosome 12s (paired single red and green signals, indicated by an arrow) and two i(12p)s (paired single red and double green signals, indicated by an arrowhead) 


2077). It mest likely happens in gono- 
cytes progressing from pre-GCNIS to 
GCNIS | 1385}, Due to a non-random net 
loss of chromosomes, GCNIS cells be- 
come aneuploid, with hypertriploicl DNA 
content in the postpubertal testis 18531. 
The TGCT-specific isochromosome 12p 
(i[12p]) (149,414,415] arisas from an 
erroneous centromeric division during 
mitotic anaphase, preceded by tetra- 
ploidization {967}, and is of uniparental 
origin in most cases {2533}. It is usually 
absent in isolated GCNIS but was re- 
ported in GCNIS cells adjacent to inva- 
sive TGCT {2103,2883]. Overrepresen- 
tation of 12p, usually as i(12p) but also 
via other mechanisms, first appears in 
GCNIS cells that have left the spermato- 
gonial niche, apparently enabling the 
tumour cells to survive and grow outside 
of it {1702,2103,2356}. Indeed, 12p har- 
bours DADR, BCAT1, and EKI, enabling 
evasion of apoptosis {3049}; NANOG, 


Table 4.03 Prognostic classification of metastatic seminoma and non-seminoma according to the International Germ 


; « Any primary tumour location 
Seminoma yP y 


Non-seminoma * and low markers 


‘ “ Any primary tumour location 
Seminoma yemay 


Non-seminoma * and intermediate markers 


« Mediastinal primary tumour 


Non-seminoma * or high markers 


Cell Cancer Collaborative Group {IGCCCG), reprinted from Beyer et al. {255} 
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* and no extrapulmonary visceral metastases 


* Gonadal or retroperitoneal primary tumour location 


+ and no extrapulmonary visceral metastases 


« and extrapulmonary visceral metastases 


« or extrapulmonary visceral metastases 


92% survival 
Normal AFP, any hCG or LDH 
AFP: < 1.000 ng/mL 


hCG: < 5 000 U/L | 
LDH: < 1.5 x ULN 


Normal AFP, any hCG or LDH 


+ Gonadal or retroperitoneal primary tumour location 


AFP: 1 000-10 000 ng/mL | 


« and no extrapulmonary visceral metastases 


AFP: > 10 000 ng/mL 
hCG: > 50 000 U/L 
LDH: > 10 x ULN 
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STELLAR, GDF3, and EDR?1, necessary 
for Maintaining pluripotency; CCND2 
and KRAS, providing proliferative advan- 
tage; and genes involved in glucose or 
glycolytic metabolism, including GLUTS, 
GAPDH and TPH, providing energy in 
a low-oxygen environment {1488, 1695, 
9339]. Specific regional amplification of 
ihe 12p11.2-p12.1 region is preferen- 
jially found in seminomas lacking i(12p), 
These seminomas have enhanced in 
vitro survival and are associated with a 
ounger patient age at clinical presenta- 
tion {2339,2340,3049,3050}. In situ hy- 
pridization for i(12p) is used to support 
the germ cell nature of teratoma and YST- 
derived somatic-type malignancies (306, 
988,1535} and, if negative, to assist with 
the diagnosis of GCTs of the postpuber- 
tal testis that are not derived from GCNIS 
(2088,3070}. 

other non-random chromosomal aber- 
rations in GCNIS adjacent to an invasive 
TGCT are similar to those in invasive 
seminoma and include gain of parts of 
chromosomes X, 7, 8, and 21 and loss 
of Y, 1p, 11, 13, and 18. GCNIS has 
more loss of chromosomes 4 and 13 and 
gain of 2p than does the invasive tumour 
662,1487,2079}. Non-seminomas have 
fewer copies of 7, 15, 19, and 22 than 
do seminomas. Only chromosome 17 
has More copies in non-seminoma than 
in seminoma. Interestingly, human em- 
pryonal stem cells in vitro acquire chro- 
mosomal changes similar to those seen 
in TGCT (i.e. gain of chromosomes 12 
and 17) {731,1129}. Karyotypically, intra- 
tubular seminomas and non-seminomas 


resemble their invasive counterparts 
{2340}. The chromosomal changes are 
progression-related, as are the other ge- 
netic events, possibly with the exception 
of K/T mutations. 

Mutations and amplifications of onco- 
genes are rare in TGCT, less common 
than in any other solid cancer of adults 
{264,608}. Only K/T and KRAS are con- 
vincingly involved, with KIT mutation and/ 
or amplification in about 20% of semino- 
mas (608,1840,1841} but only rarely in 
non-seminomas. KRAS mutations occur 
in about 10% of TGCTs {608, 1840, 1977}. 
Low-level amplification is frequent, be- 
cause the gene is localized on 12p. Other 
potential driver mutations in oncogenes 
occur in small fractions of the tumour cells 
{608}. There is no convincing evidence of 
a role of tumour suppressor genes. Inac- 
tivation of tumour suppressor genes by 
promoter hypermethylation is rare {1662, 
2065}. The epigenetic profile of GCNIS 
and seminoma cells is characterized by 
very low levels of DNA methylation and 
the presence of permissive histone modi- 
fications  {64,328,758,1521,2025,2320, 
2946}. GCNIS cells and invasive TGCTs 
have high levels of expression of spe- 
cific microRNAs (miR-371-373 and miR- 
302/-367 {991,2047,2882}), which can 
be demonstrated in serum and seminal 
fluid and may be useful for diagnosis and 
follow-up {227,706,989, 1986, 1987, 1988, 
1989,2321 2587]. 


Genetic susceptibility 
See Etiology and pathogenesis (p. 190). 


198 Tumours of the testis and paratesticular tissue 


Prognosis and predictive factors 
With state-of-the-art treatment 
2417), TGCT is the most curable solig 
cancer in adult men. Seminornas, to. 
gardiess of clinical stage, and stage | 
non-seminomas have cure rates closa 
to 100% (255,548,636, 1055,1478, 2qo jj. 
Rarely, seminomas are chemoresister 
[2309]. Less than 30% of patients reseni 
with metastatic disease. The prognosis of 
this group, depending on the Internation- 
al Germ Cell Cancer Collaborative Group 
(IGCCCG) classification (Table 4,83, 
p. 197), is still very good, with an overall 
cure rate of > 80% {1283}. The prognosis 
of the < 20% of patients who fail first-line 
chemotherapy depends on the factors 
listed in Table 4.01 (p. 190). Subsequent 
salvage therapies cure more than half of 
these patients {1721}. 

A small percentage of patients develop 
a late relapse (> 2 years after treatment 
with complete remission, with no second 
primary type Il GCT). This is associated 
with an adverse prognosis. Late relaps- 
es often contain teratoma, YST, and/or 
somatic-type malignancies. Glandular 
and sarcomatoid YSTs, which can re- 
semble somatic-type malignancies, can 
be distinguished by their expression of 
glypican 3 {1755}. Cure of these patients 
crucially depends on the possibility of 
radical surgery, combined with chemo- 
therapy if necessary {2015,2311,2505}. 
There are as yet no validated prognostic 
or predictive molecular markers imple- 
mented in the clinical management of 
TGCT (321}. 
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Non-invasive germ cell 
neoplasia 


Germ cell neoplasia in situ 


Definition 

Germ cell neoplasia in situ (GCNIS) con- 
sists Of gonocyte-like germ cells with am- 
ple clear cytoplasm and large (10-11 um) 
angulated nuclei with coarse chromatin 
clumps that are located along the base 
of the seminiferous tubules and express 
embryonic germ cell markers (2537). 
Depending on the patient's age, GCNIS 
should be distinguished from intratubular 
seminoma, intratubular non-seminoma, 
spermatogenic arrest at the stage of 
spermatogonia, pre-GCNIS cells, and 
maturation-delayed gonocytes persisting 
outside the fetal/infantile period. 
ICD-O code 9064/2 
Synonyms 

Carcinoma in situ of the testis; intratu- 
bular germ cell neoplasia, unclassified; 
testicular intraepithelial neoplasia; gono- 
cytoma in situ (not recommended) 


Epidemiology 

The same epidemiological associations 
apply for GCNIS as for the invasive tes- 
licular germ cell tumours (TGCTs) that 
derive from it (see Germ cell tumours 
derived from germ cell neoplasia in situ, 
p. 189). GCNIS is present in the testicular 
parenchyma adjacent to the majority of 
seminomas and almost all non-semino- 
mas {1300,2080} and has been detected 
in the contralateral testis in 2-6% of pa- 
tients with unilateral TGCTs. The rate of 
contralateral GCNIS is 4-5% in countries 
where systematic screening by biopsy is 
verformed {704,2878}. GCNIS has been 
detected in nearly half of all patients with 
“xtragonadal germ cell tumours, in whom 
i has been associated more commonly 
with retroperitoneal than mediastinal tu- 
Ours {637}. The retroperitoneal tumours 
are probably most often metastases from 
'egressed TGCTs {902, 1848,2083,2598}, 
explaining their association with GCNIS. 
In line with the hypothesis that GCNIS 
cells are derived from primordial germ 
Cells / gonacytes that failed to differenti- 
ate into spermatogonia during develop- 
Ment (2265,2538], the risk of GCNIS is 
INcreased in developmental reproductive 
disorders. The highest risk is associated 
with disorders of sex development, in 


which the prevalence of GCNIS can be 
as high as 70% (570,2546,28 16], and in 
partially overlapping anomalies grouped 
within Ihe teslicular dysgenesis syn- 
drome; cryptorchidism, hypospadias, 
and some forms of infertility (1483,2265, 
2539,2540]. The prevalence of GCNIS 
among subfertile/infertile adult men rang- 
esfrom1%to4%, depending on the selec- 
tion criteria for biopsy {2039,2067,2350). 


Etiology 
The same etiological associations ap- 
ply for GCNIS as for the invasive TGCTs 
that derive from it (see Germ cell tumours 
derived from germ cell neoplasia in situ, 
p. 189), 


Localization 

In the adult testis, the GCNIS cells are 
localized inside the seminiferous tubule, 
initially between the basal membrane 
and the Sertoli cells in the spermatogo- 
nial niche. In the infantile testis, some 
GCNIS cells may be detached from the 
basal membrane. 


Clinical features 

In adult men, GCNIS is usually asymp- 
tomatic and lacks clinical findings on 
palpation, although some men may feel 
slight pain. The testes are often relatively 
small (about 6-12 mL) (249,794,1125, 
2377}. Approximately 80% of cases show 
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Fig. 4.18 Germ 
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Histopathology 

In adults, GCNIS tends to occur p 
throughout the testis, although the num 
ber of seminiferous tubules affected may 
vary from just a few to 100% {249,704 
2804]. In the typical pattern, GCNIS cells 
are located in the niche of spermalogo- 
nia, typically in one layer, and spermiat- 
ogenesis Is mostly absent. The nuclei 
often appear as a String of beads sepa- 
rated from the lumen of the tubule by an 
adluminal linear arrangement of uniform 
Sertoli cell nuclei, a pattern that can be 
recognized at low power. Later, the GC- 
NIS cells are stacked in several layers 
and appear in the tubular lumen. GCNIS 
cells spread in a pagetoid manner along 
the basement membrane into tubules 
with spermatogenesis, entrapping nor- 
mal spermatogonia between them. Pa- 
getoid spread to the rete testis may also 
occur. Detachment with colonization of 
remote tubules and release in the seminal 
fluid occurs. The testicular parenchyma 
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45,X/46,XY karyotype; some cells have the coarse chromatin typical of 
One of the numerous tubules with germ cell neoplasia in situ cells also contains a 


microlith, D The involved tubules may be surrounded by lymphocytes. 
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Fig. 4.20 A Germ cell neoplasia in situ in rete testis. There is pagetoid spread of germ cell neoplasia in situ cells into the rete testis. 
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histochemistry for alkaline phosphatase marks germ cell neoplasia in situ cells in a frozen tissue section; endothelial cells act as a positive internal control. © Germ cell neoplasia in 
situ and intratubular syncytiotrophoblast cell. An anticytokeratin immunostain highlights a syncytiotrophoblast cell in a tubule also containing germ cell neoplasia in situ adjacent to 


a seminoma with syncytiotrophoblastic giant cells, 


adjacent to GCNIS tubules may be mor- 
phologically normal but commonly shows 
signs of testicular dysgenesis, including 
clusters of poorly developed tubules with 
undifferentiated Sertoli cells, Sertoli cell- 
only pattern, intratubular microliths, and 
(rarely) branched tubules {1208,2679}, In 
the parenchyma adjacent to seminoma, 
infiltrates of lymphocytes may surround 
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atrophic tubules with GCNIS {1262, 
2080}, Tubules with GCNIS adjacent 
to an invasive tumour may also contain 
trophoblastic giant cells in as many as 
20% of cases, virtually always in combi- 
nation with seminoma with trophoblastic 
giant cells {241}. 

The immunophenotype of GCNIS cells 
is largely similar to that of embryonic 


paratestioular issue 


wT 
aining (A), anti-placental alkalin 
reactivity), and OCT3/4 immunostaining (C; note nuclear reactivity); acidic fixatives may diminish or negate reactivity for nuclear antigens, including OCT3/4, unless specialized 
antigen retrieval methods are used. 


germ cells and seminoma {2266,2319)}. 
The markers that are most applicable in 
Clinical practice (due to their absence in 
normal spermatogonia) include placen- 
tal alkaline phosphatase {368}, OCT3/4 
(also called POUSF1) (663,1343,1701, 
2267}, AP-2y {1210}, NANOG {1130, 
1206,2022}, LIN28 {990,2947}, and po- 
doplanin |2572} (see Table 4,04, p. 202). 
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mien that intratubular embryonal carcinoma, with rare exceptions, starts lo differentiate only when it becomes invasive. B Germ cell neoplasia in silu in testicular dysgenesis 
syndrome. The cells are scattered In shrunken tubules also containing undifferentiated Sertoll cells; the other tubules are sclerotic. 


the enzyme reactivity of alkaline phos- 

nalase Can be used for identification 
of GCNIS on frozen section examination 
(620,2623}. Although immunoreactivity 
may vary due to different techniques (in- 
cluding the use of different types of fixa- 
lives and different origins of antibodies), 
helerogeneous expression of several 
proteins may also be due to the inherent 
plasticity of germ cells, which may partly 
mature within the adult testis microenvi- 
ronment {1347,1908,2269}. 
Distinguishing GCNIS in the prepubertal 
testis of a patient with a disorder of sex 
development from maturation-delayed 
gonocytes relies on recognizing both 
the patchy distribution and basal tubular 
position of GCNIS (versus the more dif- 
fuse and central tubular position of mat- 
uration-delayed gonocytes) and specific 
reactivities within defined tubular com- 
partments of the germ cells for OCT3/4, 
TSPY, and KIT ligand (see Germ cell tu- 
mours derived from germ cell neoplasia 
IN situ, p. 189). Some prepubertal GC- 
N:S cells may have enlarged nuclei with 
coarse chromatin clumps. 


“pecific forms of intratubular 
germ cell neoplasia 


Although GCNIS is by far the most com- 
Mon and widely recognized intratubu- 
lar proliferation associated with TGCTs, 
other types are also regularly identi- 
fied, nearly always in association with 
GCNIS and invasive germ cell tumours 
12080}, These most likely represent in- 
lermediate stages between GCNIS and 
NVasive seminoma and non-seminoma. 
It is possible that on some occasions 


seminiferous tubules have been second- 
arily involved by the invasive tumour (see 
below). 


/ntratubular seminoma 

Although GCNIS s closely associated 
with Sertoli cells, intratubular seminoma 
constitutes complete filling of seminifer- 
ous tubules by neoplastic cells. The cells 
are morphologically identical to those of 
GCNIS and seminoma, and the tubules 
are expanded, with obliteration of the 
normal components, including Sertoli 
cells, etc. {242}. The tubules often con- 
tain lymphocytes, which may also sur- 
round them. Intratubular seminoma is 
found adjacent to about 30% of semino- 
mas and 15% of non-seminomas {2080}. 
The cells have an immunophenotype 
identical to that of seminoma. 


/ntratubular non-seminoma 

Intratubular non-seminoma consists al- 
most exclusively of pure embryonal car- 
cinoma and is thought to result from re- 
programming of a GCNIS cell within the 
tubular microenvironment {2083}. Most 
cases show distortion of the seminifer- 
ous tubules, which are enlarged beyond 
their normal diameter, and there is often 
necrosis and calcification in a pattern re- 
sembling that of other high-grade prein- 
vasive lesions, such as ductal carcinoma 
in situ of the breast. The tumour cells are 
far more pleomorphic than are GCNIS 
cells, with crowding and overlapping, as 
seen in invasive embryonal carcinomas. 
Intratubular non-seminoma is only seen 
adjacent to tumours with non-semino- 
mas, occurring in about 15% of cases, 
and is usually found with a small tumour, 
suggesting that larger tumours obscure 


this intratubular precursor {2080}. When 
intratubular non-seminoma becomes in- 
vasive, it starts to differentiate into the 
usual lineages of non-seminoma. Immu- 
nochemistry shows the cells to be posi- 
tive for OCT3/4, but unlike in GCNIS, the 
cells are positive for CD30, and negative 
for KIT (CD117). CD30 has been used to 
identify intratubular embryonal carcino- 
ma {240}, but it is non-specific, because 
it also stains immature Sertoli cells. 
Syncytiotrophoblastic giant cells and 
GCNIS are occasionally seen within sem- 
iniferous tubules in association with semi- 
nomas, particularly those that also have 
syncytiotrophoblastic giant cells in the 
invasive component |241}. As expected, 
they are positive for the (}-subunit of hu- 
man chorionic gonadotropin. 

Intratubular yolk sac tumour and intratu- 
bular teratoma have both been reported 
but are extremely rare. 


Genetic and epigenetic profile 

The genome-wide transcriptomes of GC- 
NIS and gonocytes are nearly identical. 
In addition to the markers listed above, 
the transcriptomes include numerous 
other embryonic and germ cell-specific 
genes (62,2571}. GCNIS cells are char- 
acterized by a high level of expression 
of the microRNAs miR-371-373 {2047}. 
The overall epigenetic profile of GCNIS 
cells is characterized by DNA hypometh- 
ylation (independent of the histolagy of 
the adjacent invasive tumour component 
[1521,1522,2025,2946}) and the pres- 
ence of permissive histone modifications 
{64}, 


Genetic susceptibility 
The same genetic susceptibilities apply 
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for GCNIS as for the invasive TGCTs that de- 
rive from it (see Germ cell tumours derived 
from germ cell neoplasia in situ, p. 189). 


Prognosis and predictive factors 
Approximately 50% of GCNIS cases 


progress to an overt TGCT within 5 years 
{2878}, and at least 70% within 7 years 
{2541}. In some cases, this interval May 
be longer, up to 15-20 years, based on 
observations in patients with metachro- 
nous bilateral TGCTs {703}. It is assumed 


that all GCNIS will progress to an inva. 
sive component {994}, although this hag 
not yet been proven. It is not yet possible 
to predict whether GCNIS will progress to 
seminoma or non-seminoma. 


Table 4.04 Usual patterns of immunoreactivity in testicular germ cell tumours and metastatic carcinoma (markers are listed alphabetically and proportions of reported positive 


reactivities are shown in parentheses) 


Germ cell 
Embryonal 
Marker neoplasia Seminoma aringa 
in situ 
+ + 
EAE (20-36%) (95%) 
=A 
AFP i (8-33%) 
AP-2y 5 7 + 
(TFAP2C) (67%) 
CD30 (Ki-1, y + 
BerH2) (84-93%) 
Ck7 + + + 
DMRTI -(<2%) + (8%) š 
EMA a = % 
Glypican 3 = = (5%) 
KIT (CD117, x + 
+ m 
cKIT) (100%) 
+ + 
MAGEA4 aot ery = 
+ + + 
ee (100%) (100%) (100%) 
OCT3/4 ; x : 
Cane y Gow) (100%) (100%) 
fi ji 0, 
PLAP (e0-r00%) * (79-86%) 
| Podoplanin fi - 
(D2-40, M2A) (29%): 
SALL4 t i 
(100%) (100%) 
J 
S0X17 win f 
- + 
Eoy (< 1%) (96%) 
BhCG - - - 
| 


Yolk sac Chorio- Tera:  Spermatocytic 
tumour carcinoma toma tumour 
+ + > 
ii =- + 
(74-100%) = = 
- + E - 
= + + ND 
ND ND - + (90%) 
= + if 
(5%) (46%) A 
+ + + 
(100%) (80%) (17%) ND 
+ 3 + 
(59%) (41-100%) 
+ = + 
(47%) (rare) (100%) 
2 + 
(1-85%) F j 
pa = + = 
+ + + 
(100%) (69%)* (52%) 
£ 
(60%) = + ND 
= s + ND 
= j A = 
(100%)? 


*Syncytiotrophoblasts > Mononucleated trophoblasts; "normal spermatogonia may be positive; ‘cell apices only; ‘mononucleated trophoblasts only. 


| =, usually negative; +, usually positive, + , variable staining, AFP, a-fetoprotein; AP-2y, activation protein 2y; EMA, epithelial membrane antigen; ND, no data; PLAP, placental 
| alkaline phosphatase; TFAP2C, transcription factor activation protein 2y; BhCG, B-subunit of human chorionic gonadotropin. 


Metastatic 


Other positive tumours 
carcnoma 

+ Many 
Hepatocellular neoplasms, hepatoid 

+ carcinomas, occasional other non-germ 
cell tumours 

+ Many carcinomas 
Lymphoma, nasopharyngeal carcinoma, 

E benign and malignant mesenchymal 
tumours, melanoma, (rarely) carcinomas 
Many carcinomas (not usually of colon or 

ł prostate), some sarcomas (e.g. synovial 
sarcoma, epithelioid angiosarcoma) 

+ Prostate carcinoma 

+ Many carcinomas, synovial sarcoma 

Syncytiotrophoblasts, hepatocellular and 
gastric cancers 

g Various tumours of epithelial and 


mesenchymal differentiation 


Many carcinomas, melanoma, central 
+ nervous system tumours, gastrointestinal 
stromal tumours 


= Gliomas, some carcinomas 


Rare non-small cell tung cancer, clear cell 
renal carcinoma, and large cell lymphomas 


Numerous adenocarcinomas (of colon, 


ł ovary, endometrium, etc.) 
Gliomas, meningiomas, mesothelial 
a tumours, lymphatic tumours, some 
adenocarcinomas 
Haematological malignancies, rhabdoid 
+ tumour, nephroblastoma (also called Wilms 
tumour), gastrointestinal adenocarcinoma, 
other high-grade carcinomas 
ND ND 
ND Immature elements in teratoma, mela- 


noma, rhabdoid tumour 


Other trophoblastic tumours, syncytio- 
+ trophoblasts in germ cell tumours, some 
non-germ cell tumours 


Tumours of a single 
histological type 
(pure forms) 


Seminoma 


Definition 
Seminoma is a malignant germ cell tu- 
mour (GCT) whose cells are considered 
the neoplastic counterparts ofthe primor- 
dial germ cells / gonocytes present dur- 
ing early embryonic development. 


Synonyms 
In primary extragonadal sites and dysge- 
netic gonads: germinoma 

In the ovary; dysgerminoma 


Epidemiology and etiology 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Clinical features 
Seminoma is the most common testicu- 
lar germ cell neoplasm and accounts for 
aboul 50% of all GCTs (1511,2879}. It 
occurs most commonly in patients aged 
30-49 years {2701}, with a mean patient 
age of 37-41 years (1511,2254}. It is not 
seen in prepubertal children {1406}, with 
the exception of children who have a dis- 
order of sex development, and it is rare 
NM men older than 70 years [2442701]. 
Saminoma generally has the same epl- 
demiatogical and eliological factors as all 
[S cletived from gerı Cell neoplasia 
rt GCNIS). However, higher propor- 
Baik o seminomas have been noted in 
rane with cryptorchidism {1104} or 
ikay M dell disorders [1621], who 
the a velop GCTs more frequently than 
“ral population, 
ta. vents present with a testicular 
melimes associated with local- 
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Fig. 4.23 Seminoma. Showing a cream-coloured to pale- 
yellow, lobular, multinodular cut surface. 


{1739}, exophthalmos {1781,2691), tim- 
bic or brainstem encephalopathy {233, 
372,2969}, and membranous glomerulo- 
nephritis {2445}. 

Seminoma usually metastasizes initially 
to retroperitoneal lymph nodes, with sub- 
sequent involvement of the mediastinal 
and cervical (particularly left supraclavic- 
ular) lymph nodes. Visceral involvement 
(in liver and lungs) typically develops 
only later in the disease course. Surpris- 
ingly, despite its marked tendency to 
spread by the lymphatic route, semino- 
ma is the most common testicular GCT 
to metastasize to bone {339}. The tumour 
staging outlined in TNM classification of 
germ cell tumours of the testis (p. 187) is 
used for seminoma. 

Serum a-fetoprotein (AFP) levels are not 
significantly elevated in seminoma pa- 
tients; one study reported very modest 
elevations in AFP levels in patients with 
histologically pure seminomas who had 
a typical clinical course {2014}. How- 
ever, if a Non-seminomatous component 
is identified by morphology, the tumour 
should be classified as a mixed GCT. 
Serum human chorionic gonadotropin is 
often increased inthe 10-20% of tumours 
with admixed syncytiotrophoblast cells 
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Fig. 4.24 Seminoma. Showing a characteristic diffuse pattern 


(2328, 2383}, these levels are usually 
not in excess of 1000 mIU/mL, although 
one very large seminoma with abundant 
syncytiotrophoblasts had an associated 
human chorionic gonadotropin level of 
4000 mIU/mL {275}. Serum lactate de- 
hydrogenase is increased in about 80% 
of patients with advanced-stage disease 


[901]. 


Macroscopy 

Most seminomas are solid, relatively 
homogeneous, often lobulated, cream- 
coloured to tan or pale-yellow nodules 
that on their cut surface bulge above the 
surrounding parenchyma. Foci of necro- 
sis and haemorrhage may be present but 
are usually not extensive. Most semino- 
mas have a soft texture. Small tumours 
may not be grossly apparent, with a tes- 
ticular scar being seen in some of these. 
About 10% of seminomas occur in nor- 
mal-sized or smaller-than-normal testes 
{2701), and a similar proportion extend 
outside the testis to involve paratesticular 
structures, 


Histopathology . 

Most commonly, there is a diffuse ar- 
rangement of pale cells that is inter- 
rupted by fibrovascular septa containing 
lymphocytes. Intertubular growth, par- 
ticularly at the periphery of the tumour, 
is common and infrequently predominant 
{1164}. The tumour cells characteristi- 
cally have pale to clear cytoplasm, with 
crisp cytoplasmic membranes and po- 
lygonal nuclei with finely granular chro- 
matin and frequently flattened edges. 
One or more large, centrally located 
nucleoli are present. The abundant cyto- 
plasm results in relatively evenly spaced, 
non-overlapping nuclei in most cases. 
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interrupted by fibrous septa with a lymphocytic infiltrate. 
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Fig. 4.25 Seminoma. A With prominent intertubular growth. B Showing clear cytoplasm with distinct 
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and round to polygonal nuclei with large nucleoli; note admixed lymphocytes. © Showing a plasmacytoid appearance. 
D With prominent growth in cords at the periphery of the tumour. 


The cytoplasmic clarity is attributable to 
abundant glycogen particles that are de- 
monstrable with the periodic acid—Schiff 
stain. Less commonly, the cytoplasm is 
denser and the nuclei more crowded. 
This may result in a plasmacytoid ap- 
pearance. Intratubular growth with tubu- 
lar expansion is desjgnated intratubular 
seminoma. GCNIS can be found in the 
residual seminiferous tubules in more 
than 85-90% of cases {543,2080}. 

Several variant morphologies may oc- 
cur, including corded growth, micro- 
cystic, and tupular-like patterns (2769, 
3057} and signet ring cell change {2782}. 
These patterns are usually focal findings 
in otherwise typical tumours. A variably 
prominent lymphocytic infiltrate occurs in 
almost every case and a granulomatous 
reaction in more than half. A granuloma- 
tous reaction most commonly occurs as 
small clusters of epithelioid cells, but 


Fig. 4.26 Seminoma. 
majority of tumour cells. 
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occasional giant cells of the Langhans 
type may be seen. Rare cases may show 
such a marked granulomatous reaction 
that the underlying tumour is largely ef- 
faced. Table 4.04 (p. 202) shows the usu- 
al patterns of immunoreactivity of semi- 
noma as well as other GCTs for the most 
commonly used markers. Seminomas 
stain for antigens characteristic of imma- 
ture, fetal-type germ cells (gonocytes), 
including placental alkaline phosphatase 
(86-95%; cytoplasmic membrane) {369, 
1301,2034)], KIT (90-100%; cytoplasmic 
membrane). {1295,1596,1629}, OCT3/4 
(100%; nuclear) ({1342,1701}, SALL4 
(100%; nuclear) {396}, and SOX17 (95%; 
nuclear) {292,2042}. Podoplanin is also 
positive (100%; cytoplasmic membrane) 
{1596,3045}. Cytokeratin AE1/AE3 immu- 
noreactivity varies (20-36%) {502,2034}, 
but is often negative or stains the cyto- 
plasm of only a minority of tumour cells, 
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cytoplasmic vacuoles causing a signet ring cell appearance. C Showing strong nuclear reactivity for OCT3/4 in the 


often in a paranuclear dot-like pattern 
CD30 is characteristically negative, as js 
epithelial membrane antigen (2%) {2779}. 
Stains for AFP are always negative. 


Seminoma with syncytiotrophoblast cells 
Approximately 10-20% of tumours, in 
addition to seminoma cells, contain ad- 
mixed syncytiotrophoblast cells that vary 
in prominence from widely scattered to 
prominent aggregates {1958,2880}. The 
cells are characteristically multinucleat- 
ed, with the nuclei sometimes producing 
mulberry-like clusters, and may have in- 
tracytoplasmic lacunae. When clustered, 
they are often associated with small foci 
of haemorrhage. These cells may be 
highlighted by human chorionic gonado- 
tropin or cytokeratin immunostaining. 


Oifferential diagnosis 

Seminoma may be mistaken for solid- 
pattern embryonal carcinoma. The 
well-defined cytoplasmic membranes, 
more-regular and less crowded nuclei, 
fibrous septa, and more frequent and 
prominent lymphocytic infiltrate of semi- 
noma contrast.with the findings in most 
embryonal carcinomas. Positivity for KIT, 
podoplanin, and SOX17, and negativity 
for CD30, SOX2, and cytokeratin AE1/ 
AE3 also support seminoma versus em- 
bryonal carcinoma. Solid yolk sac tumour 
may resemble seminoma but is usually 
differentiated based on admixture with 
other yolk sac tumour patterns, less- 
prominent lymphocytic infiltrate, and ab- 
sence of fibrous septa. Its negativity for 
OCT3/4, positivity for AFP and glypican 3, 
and strong immunoreactivity for cytoker- 
atin AE1/AE3 contrast with seminoma. 
Unlike in choriocarcinoma, the syncytio- 
trophoblast cells that may be prominent 
in some seminomas are not associated 
with mononucleated trophoblasts but with 
seminoma cells. Distinction of seminoma 
from spermatocytic tumour is discussed 
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in the section on spermatocytic tumour 
(sae pp. 218-22 1). Seminama may also 
yle malignant Sertoli cell tumours 
(11631. The smaller, less pleomorphic nu- 
cler al Sertol| cell tumours, a lower mitotic 
rate, and the absence of GCNIS are help- 
lul differential features, as is negativity for 
germ cell markers and variable positivity 
for markers of sex cord-stromal differen- 
tation Large B-cell lymphoma, the most 
common lymphoma type in the testis, 
may be distinguished from seminoma 
based on its usually more-prominent in- 
lertubular growth, more-irregular nuclear 
contours, the absence of GCNIS, and im- 
munoreactivity for lymphoid markers. 
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Genetic profile and genetic 
susceptibility 

See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Prognosis and predictive factors 

The overall prognosis is excellent but 
stage-dependent. Patients with clinical 
stage | disease who are managed by sur- 
veillance protocols, adjuvant radiation, 
or single-agent chemotherapy achieve 
a 95 98% overall 5-year survival rate 
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{1334,2073}. Approximately 80% of clini- 
cal stage | patients on surveillance do 
not require additional treatment after or- 
chiectomy {1804}, which, in conjunction 
with a modestly increased risk of second 
malignancies in the adjuvant radiation 
population {213}, has resulted in a grow- 
ing trend for this approach in this group 
Predictors of relapse on surveillance in- 
clude primary tumour size > 4 cm, rete 
testis and epididymal involvement, and 
possibly vascular invasion (1951,2921}. 
For patients with advanced-stage dis- 
ease (TNM stages IIC-IIIC), the disease- 
specific survival with cisplatin-based 
chemotherapy is 83% {969}. An adverse 
prognostic finding in the advanced 
stage group is the occurrence of non- 
pulmonary visceral metastases. Patient 
age > 40 years has also been identified 
as an adverse prognostic indicator {903}. 
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Non-sem/nomatous 
germ cell tumours 


Embryonal carcinoma 


Definition 

Embryonal carcinoma (EC) is a malig- 
nant germ cell tumour (GCT) composed 
of tumour cells resembling embryonic 
stem cells with ovoid to columnar pro- 
files, clear to granular or amphophilic 
cytoplasm, and markedly pleomorphic 
nuclei that are arranged in diverse mor- 
phological patterns. 
ICD-O code 9070/3 
Synonym 

Undifferentiated malignant teratoma (not 
recommended) 


Epidemiology 

The same epidemiological features apply 
for EC as for the other germ cell neopla- 
sia in situ-related tumours (See Germ cell 
tumours derived from germ cell neopla- 
sia in situ, p. 189). 
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Fig. 4.29 A Embryonal carcinoma 
prominent nucleoli, and distinct cell membranes that resemble seminoma cells. 


Etiology 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Clinical features 

After seminoma, EC is the most preva- 
lent germ cell tumour (GCT) of the tes- 
tis. Although only 2.3-16% of testicular 
GCTs are pure ECs {1379,1960,2879], 
EC occurs in 40% of all GCTs and in 
87% of the non-seminomatous tumours 
{1511,1960}. EC in its pure form occurs 
primarily in adult males in their third or 
fourth decade of life and rarely occurs 
in childhood apart from a disorder of sex 
development {1140,1511}. The mean pa- 
tient age at diagnosis is approximately 
25-82 years, which is roughly a decade 
younger than the patient age associ- 
ated with seminoma {1511,2251}. Most 
patients present with a testicular mass, 
which can be painful due to rapid growth 
and may be mistaken for torsion. About 
10% of patients present with manifesta- 
tions of metastatic disease {2338}. Ret- 
roperitoneal lymph node involvement is 
common at the time of presentation and 
is reported to be related to the propor- 
tion of EC in mixed GCTs {2338}. Addi- 
tional supradiaphragmatic involvement 
is also found in 20% of patients with ret- 
roperitoneal metastasis. Elevated lev- 
els of a-fetoprotein and the B-subunit of 
human chorionic gonadotropin should 
prompt a search for other GCT elements. 
In pure EC, serum levels of the B-subunit 
of human chorionic gonadotropin are not 
elevated unless associated with syncy- 
tiotrophoblasts {1312}. Lactate dehydro- 
genase, placental alkaline phosphatase, 
and cancer antigen 19-9 elevation may 
be seen {307,2755}. 
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EC has no specific radiological features 
that distinguish it from mixed GCT. Ultra- 
sound plays a role in initial investigations, 
showing a heterogeneous, irregular, and 
poorly defined mass without clear demar- 
cation from the adjacent parenchyma. 


Macroscopy 

Grossly, the tumours quite often enlarge 
the testis. On cross-section, there is a 
variegated appearance with areas of 
granular, solid, white to tan tumour inter- 
mixed with haemorrhagic, necrotic, and 
cystic foci. Extension into testicular ap- 
pendages and the spermatic cord may 
be observed {2338}. 


Histopathology 

The classic cytomorphological features 
of EC are cells with large, pleomorphic 
vesicular nuclei displaying single or mul- 
tiple macronucleoli, dense amphophilic 
cytoplasm, poorly defined cytoplasmic 
membranes, prominent mitotic figures 
(including atypical forms), and numer- 
ous apoptotic bodies. Nuclear crowding, 
overlapping, and marked pleomorphism 
are helpful features to distinguish it from 
other GCT types. 

Several morphological patterns of EC 
have been described; however, the most 
common architectural patterns are solid, 
glandular, and papillary. Less common 
patterns include nested, micropapillary 
(lacking fibrovascular cores), anastomos- 
ing/glandular, pseudopapillary, sieve- 
like glandular, and blastocyst-like {1379}. 
The blastocyst-like pattern is composed 
of vesicle-like cavities containing eosin- 
ophilic fluid and surrounded by a com- 
pressed layer of EC cells {1379}. Com- 
binations of two or more patterns are 
common {1379}. Two other distinctive 
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patterns, polyembryoma-like and diffuse 
embryoma-like (so-called necklace), are 
also recognized; however, these repre- 
sent intimate intermingling of yolk sac 
tumour with EC and are therefore dis- 
cussed in the section dealing with mixed 
GCTs. 

The solid pattern is often associated with 
confluent necrosis. Sometimes extensive 
tumour necrosis imparts a pseudopapil- 
lary appearance. The appliqué pattern 
contains dark, smudgy, elongated cells 
that appear to be applied to adjacent 
better-preserved polygonal cells at the 
periphery of solid tumour. These de- 
generated cells may be confused with 
smudgy syncytiotrophoblastic cells and 
the pattern consequently resembles the 
biphasic pattern of choriocarcinoma 
(915,1379}. Elevated serum human cho- 
rionic gonadotropin may also be mis- 
leading. The typical glandular structures 
formed by EC are round to elongated 
and composed mostly of cuboidal, pleo- 
morphic cells, although 20% of glandu 
lar ECs have columnar cells that often 
show subnuclear cytoplasmic vacuoles 
(secretory-type change), resulting in an 
endometricid appearance. Papillary EC 
displays tumour cells radially lining fi- 
brovascular cores. Transverse sections 
of papillae may result in pseudoendo- 
dermal sinuses. EC cells with clear cy- 
toplasm and distinct cytoplasmic mem- 
branes, usually seen in solid foci, may 
resemble seminoma cells {1379}, but 
they show more nuclear pleomorphism 
than is seen in seminoma. Additional (but 
rare) findings include hobnail EC cells 
projecting into cysts, macrocysts, and 
distinct intracytoplasmic vacuoles. Oc- 
casional syncytiotrophoblast cells are 
often seen intermixed with EC, as single 


or in small clusters. Lymphocytic 
ells © sirnilar to those in seminoma 
infiltrates # butt a granulomatous re- 
jen seen, Ot 
ate we sare |1379}. Both non-neoplastic 
aroma and neoplastic immature 
Oe tnus-lype Stroma may be seen 
n togi of EC. 
~- most useful ipmmunohistochemical 
ne « to distinguish EC from other GCTs 
CD30 OCT3/4, and SOX2 (see Ta- 
be 404 0. 202). CD30 is one of the most 
helo ht | selectively stains EC, but im- 
jnoreaclivily May be lost after chemo- 
eae in thie metastatic setting {243}. 
SALLA (A general germ cell marker) and 
ratin AE1/AE3 are usually positive 
san be helpful for recognizing me- 
tastases. SOX17. glypican 3, KIT, epithe- 
lial mernbrane antigen, carcinoembryon- 
ic antigen, podoplanin, and vimentin are 
negative. Strong p53 positivity has been 
seen in as many as 50% of ECs. 
Ultrastructural examination may help in 
differentiating EC from seminoma and 
gomalic-lype adenocarcinoma; however, 
is use in clinical practice has been re- 
placed by the use of commercially avail- 
able immunostains {(2593,2771}. 
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Dillerential diagnosis 

The differential diagnoses include other 
GCIs, sex cord-stromal tumours, and 
melaslatic or primary. poorly differenti- 
aled somatic-type malignancies. Clini- 
cal history, microscopic examination, 
and, occasionally, immunohistochemical 


Staining are necessary for an accurate 
diagnosis 


Genetic profile 

lsochiromosome 12p and increased copy 
numbers of 12p have been demonstrated 
n the majority of ECs, providing a helpful 
diagnostic tool to differentiate them from 
Non germ Cell, poorly differentiated ma- 
igi. ncies (1698,2832}. The DNA index 
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of EC is lower than that of seminoma 
(781,2077). 


Genetic susceptibility 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Prognosis and predictive factors 

The prognosis is directly correlated with 
tumour stage (clinical and pathological) 
and proportion of EC in mixed GCTs 
(45,1964 ,2656,2974}. Pure EC behaves 
more aggressively than mixed GCTs 
{1302,2974}. Lymphovascular invasion 
is a common finding in EC, which in- 
creases the risk of metastatic spread to 
the retroperitoneal and, subsequently, 
the mediastinal lymph nodes {44,2338}. 
Haematogenous spread to the lungs and 
other sites may also occur. Due to the 
aggressive nature of EC, combination 
chemotherapy alone or in combination 
with retroperitoneal lymph node dissec- 
tion is necessary after orchiectomy in 
many cases [44,907,2559}. 


Yolk sac tumour, 
postpubertal-type 


Definition 

Postpubertal-type yolk sac tumour (YST) 
is a malignant germ cell tumour (GCT) 
that differentiates to resemble extraem- 
bryonic structures, including the yolk 


sac, allantois, and extraembryonic 
mesenchyme. 

ICD-O code 9071/3 
Synonym 


Endodermal sinus tumour 
Epidemiology and etiology 


See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 
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Fig. 4.30 Postpubertal-type yolk sac tumour Variegated 
cut surface with grey to yellowish-tan foci and occasional 
small cysts; there is an associaled hydrocoele 


Clinical features 

In postpubertal patients, YST is associ- 
ated with germ cell neoplasia in situ and 
almost always occurs as one compo- 
nent of a mixed GCT, occurring in 44% 
of non-seminomatous GCTs in this age 
group {2666}. In contrast, pure YST ac- 
counted for only 0.6% of the testicular 
GCTs in the combined experience of two 
series {1511,2879}. Most patients are 
15-40 years of age, but rare cases may 
be seen in the elderly, with one reported 
case in an 86-year-old patient (2606}. 
Most patients present with a painless 
testicular mass. In general, about 40% 
of patients with non-seminomatous GCTs 
have clinical stage | disease at presenta- 
tion, but with a YST component, this pro- 
portion is higher {910]). Unlike in prepu- 
bertal-type YST, which is not associated 
with germ cell neoplasia in situ, there is 
no evidence that pure postpubertal-type 
YST has a greater tendency to spread 
haematogenously or to bypass retro- 
peritoneal lymph nodes {905}. There is 
a strong correlation between histologi- 
cal identification of YST elements and 
elevated serum levels of a-fetoprotein 
(present in 98% of cases) {1299,2667}, 
usually > 100 ng/mL {2667}. The staging 
system outlined in TNM classification of 
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s produce a microcystic pattern; note the numerous eosinophilic hyaline globules. B Strands a ; 
sent in a prominently myxoid stroma. C Solid pattern with sheets of tumour cells having clear cytoplasm; note a few microcysts; unlike in most seminomas, 
fibrous septa are absent, 
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Fig. 4.32 Postpubertal-type yolk sac tumour. 
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A An endodermal sinus-ike structure is surrounded by basement membrane deposits (parietal differentiation). B Sarcomatoid / 
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spindle cell pattern shows stellate and spindled tumour cells in a myxoid stroma with prominent blood vessels; the cells are focally arranged in ringlets in the stroma (lower left), 


C Polyvesicular vitelline pattern shows vesicles with eccentric constrictions and lined by flat tumour cells in a loose stroma. 


germ cell tumours of the testis (p. 187) is 
used for YST. 


Macroscopy 

These tumours are solid to partially cys- 
tic, usually with a greyish-white to tan cut 
surface that may have a myxoid quality. 
Foci of haemorrhage and necrosis may 
be seen in larger tumours. 


Histopathology 

A variety of patterns may be seen, typi- 
cally occurring in combination. Two 
features are commonly seen in many 
patterns: (1) the presence of intracyto- 
plasmic and extracellular hyaline glob- 
ules with a refractile eosinophilic quality 
and (2) irregular, often band-like intercel- 
lular deposits of basement membrane, 
called parietal differentiation. 

The various patterns are described here 
in approximate order of decreasing 
prevalence. 


Microcystic/reticular pattern 

Vacuolated tumour cells form a hon- 
eycomb-like meshwork or several flat- 
tened tumour cells form ringlets enclos- 


Fig. 4.33 Postpubertal-type yolk sa! 
yolk sac tumour. 
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ing spaces that often contain mucoid 
material. Cells may appear to bud from 
ringlets and disperse in a myxoid stroma. 


Myxomatous pattern 

This pattern is closely related to the mi- 
crocystic/reticular pattern. It consists 
of sparse numbers of tumour cells dis- 
persed as strands or individual, mostly 
stelate, and occasionally epithelioid 
cells in a myxomatous stroma that is of- 
ten prominently vascular. 


Macrocystic pattern 

Large, irregular spaces develop as an 
apparent consequence of coalescence 
of microcysts or, in some instances, due 
to perivascular oedema. The surrounding 
pattern, therefore, is often microcystic. 


Solid pattern 

Sheets of polygonal tumour cells, typical- 
ly with abundant pale or clear cytoplasm, 
form nodules. The cells often have dis- 
tinct membranes similar to those of semi- 
noma cells but usually lack a lymphocytic 
infiltrate and fibrous septa; the nuclei are 
typically more pleomorphic than in semi- 
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noma. Uncommonly, solid foci may have 
cells with scant cytoplasm and dense nu- 
clei, resembling blastema. 


Glandular/alveo/ar pattern 

Glands that vary from simple tubular 
structures to complex and interconnect- 
ing are seen in about one third of cases 
{2775}. Sometimes they have subnuclear 
vacuoles similar to secretory endome- 
trium. They often display enteric immu- 
nohistochemical and ultrastructural fea- 
tures {267,2775} and, in contrast to many 
teratomatous glands, lack a smooth mus- 
cle investment. 


Endodermal sinus / perivascular pattern 
The homology of this pattern to structures 
of the rodent placenta helped Teilum 
{2694} to deduce the germ cell nature of 
YST. The pattern consists of connective 
tissue cores containing a single central 
vessel and with a peripheral mantle of 
cuboidal tumour cells. These structures 
are within cystic spaces and are some- 
times referred to as Schiller—Duval or glo- 
meruloid bodies, considered a hallmark 
of YST. Tangential, longitudinal cuts of 
endodermal sinus-like structures that 
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Slender litrovascular papillae have a 
shoral arrangement of a single layer 
mour cells that ollen show a hobnail 
morphol gy and project into tissue spac- 
es. Alternatively, piled-up epithelium 
forms papillary structures lacking stromal 
support and projects into cystic spaces. 


peri 
of lu 


Sucomatoid/ spindle cell pattern 

This pattern usually appears as a pro- 
gression of the myxomatous pattern, 
wherein the spindled/stellate cells dis- 
persed in the stroma are increased in 
number and density. Myxomatous and 
miciocyslic foci are often present nearby. 


vnela pattern 

Ihe hallmark is the large amount of 
dense, eosinophilic basement mem- 
brane deposits that surround individual 
or small groups of tumour cells. 


Polyvesicular vitelline pattern 

Ihis pattern invariably occurs with others 
and characteristically contains vesicles, 
someumes with constrictions, that are 
lined by flattened to columnar cells in a 
myx +1 to fibrous stroma, 


Imm nophenotype 
Cytoplasinic immunoreactivity (see Table 
ADA, p. 202) for u-fetoprotein occurs in 
roughly 80% of cases, but may be focal. 
Glypican 3 is more sensitive, Staining al- 
mes alt Cases |2102,3106}. KIT is varia- 
a Positive and was seen at least focally 
60% of solid YSTs 11375|, SALL4 is 
abel immunoreactive {393,396}, as 
$ Pancytokeratin, whereas OCT3/4 and 
a are negative. Epithelial membrane 
gen and CK7 are usually negative or 
Only focally positive, 


Genetic profile and genetic 
susceptibility 

See Germ cell tumours derived from 
germ cell neoplasia in situ (Pp. 189) 


Prognosis and predictive factors 

It is difficult to determine the prognostic 
significance of postpubertal-type YST 
because it seldom occurs as a pure tu- 
mour. In one study of 12 clinical stage | 
pure YSTs in postpubertal patients, the 
metastatic rate (33%) was compara- 
ble to that of non-seminomatous GCTs 
in general (905], contrasting with the 
less-aggressive behaviour of prepuber- 
tal-type cases. A somewhat contradic- 
tory result, however, is the finding of a 
lower metastatic rate among patients 
with non-seminomatous GCTs contain- 
ing YST elements {910}. Postpubertal 
patients with stage Ill GCTs containing 
YST elements have a poorer outcome 
than patients with tumours lacking such 
elements {1689}, likely indicating relative 
chemoresistance. This also correlates 
with an increased prevalence of YST 
variants in late recurrences {1886} and 
in autopsy assessments of patients who 
died of progressive GCTs in the current 
treatment era {2048}. Therefore, the his- 
tological variants of YST disproportion- 
ately found in chemoresistant cases and 
late recurrences (glandular predominant, 
hepatoid, parietal, and sarcomatoid) 
may be adverse findings in the primary 
tumour, but this remains unproven. 


Trophoblastic tumours 
Choriocarcinoma 


Definition 

Choriocarcinoma is a malignant germ 
cell tumour (GCT) that differentiates to 
resemble the trophoblastic cells of the 
extraembryonic chorion, including cyto- 
trophoblastic, intermediate trophoblastic, 
and syncytiotrophoblastic cells. 
ICD-O code 9100/3 
Synonyms 

Not recommended: trophoblastic malig- 
nant teratoma; chorionepithelioma 


Epidemiology and etiology _ 
See Germ cell tumours derived from 


germ cell neoplasia in situ (p. 189). 


Fig. 4.34  Choriocarcinoma. With haemorrhagic 
loculations associated with the solid greyish-tan tumour. 


Clinical features 

Choriocarcinoma occurs in 64-17.8% 
of mixed GCTs and is a pure tumour in 
0.3% of testicular GCTs (1511,1953, 
1957,2840). Most patients present in their 
third or fourth decade of life {1170,1957, 
2141,2840)}. Detection of the testicular 
primary often follows signs or symptoms 
attributed to a distant metastasis, such 
as haemoptysis, abdominal mass, neu- 
rological dysfunction, anaemia. hypo- 
tension, or (rarely) a cutaneous nodule. 
Serum human chorionic gonadotropin 
(hCG) is invariably elevated and is often 
> 50 000 IU/L {2840}. Due to the struc- 
tural similarity of hCG to luteinizing hor- 
mone and thyroid-stimulating hormone, 
high levels may cause gynaecomastia 
(in about 10% of cases) and thyrotoxico- 
sis (less Commonly), respectively. Some 
patients may develop a choriocarcinoma 
syndrome characterized by rapidly pro- 
gressive multiorgan haemorrhagic me- 
tastases associated with high levels of 
hCG {1842,2141]. 


Macroscopy 

Most choriocarcinomas are haemorrhag- 
ic nodules containing foci (sometimes 
as a peripheral rim) of solid, greyish-tan 
tumour. 


Histopathology 
Choriocarcinoma 


classically has a 
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Fig. 4.36 A Choriocarcinoma with 
syncytiotrophoblasts. 


distinct biphasic appearance consisting 
mostly of mononucleated trophoblasts 
(cytotrophoblasts and intermediate 
trophoblasts) and multinucleated syncy- 
tiotrophoblasts; almost always in a haem- 
orrhagic background. Layers of mono- 
nucleated trophoblasts are capped by 
syncytiotrophoblasts, forming plexiform 
aggregates and protrusions reminiscent 
of early placental villous growth without 
stromal cores. The mononucleated troph- 
oblasts consist of small cytotrophoblasts 
with some medium-sized and fewer large 
intermediate trophoblasts. The cyto- 
trophoblasts have clear to lightly eosino- 
philic cytoplasm, distinct cell bounda- 
ries, slightly irregular nuclei, and one or 
multiple prominent nucleoli, and display 
numerous mitotic figures. The syncytio- 
trophoblasts are large and have deeply 
eosinophilic cytoplasm (which often con- 
tains vacuoles with erythrocytes) and one 
or multiple nuclei (which are often dark 
and smudgy). The syncytiotrophoblasts 
may also have spindled or elongated 
configurations situated at the tumour 
periphery or subtly percolating within 
the mononucleated trophoblastic cells. 
Monophasic choriocarcinoma, consist- 
ing of sheets of cytotrophoblasts with a 
paucity of syncytiotrophoblasts, may oc- 
cur {2785}. Central necrosis and haem- 
orrhage are commonly rimmed by viable 
tumour. Vascular invasion is Common. 
Leydig cell hyperplasia is often seen, 
due to elevated levels of hCG. 

Trophoblast-associated markers such as 
hCG and human placental lactogen are 
expressed, mainly by the syncytiotropho- 
blasts {2034,2840}. The syncytiotropho- 
blasts also express inhibin and glypican 
3 {1831,3106}. The cytotrophoblasts ex- 
press SALL4, GDF3, p63, and GATA3 
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{183,396,1023,2840}. The intermediate 
trophoblasts may weakly label with hu- 
man placental lactogen {2840}, 


Genetic profile and genetic 
susceptibility 

See Germ cell tumours derived from 
germ cell neoplasia in situ (pp. 189,197). 


Prognosis and predictive factors 
Choriocarcinoma is the most aggressive 
form of GCT, with a proclivity for early 
haematogenous spread, high stage at 
presentation, and haemorrhagic com- 
plications {202,1170,1314,2840}. The 
most common sites of distant metasta- 
sis are the lungs, liver, gastrointestinal 
tract, brain, spleen, and adrenals {1957, 
2141,2840}. Elevated serum hCG, par- 
ticularly > 50 000 IU/L, is predictive of an 
unfavourable treatment response (1667, 
1688}. Pure and predominant (> 50%) 
choriocarcinomas appear to have a simi- 
larly poor outcome {2840}. When treated 
with combination chemotherapy, they 
have a 3-year survival rate of only 21% 
{2840}. Outcome may not be uniformly 
fatal with standard chemotherapy for dis- 
tant metastasis confined to the lungs or 
following complete resection of residual 
mass and with high-dose chemotherapy 
with stem cell support {508,1614,2141, 
2840}. 


Non-choriocarcinomatous 
trophoblastic tumours 


Definition 

Non-choriocarcinomatous — trophoblas- 
tic tumours are germ cell tumours 
(GCTs) showing trophoblastic differen- 
tiation other than choriocarcinoma and 
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non-trophoblastic histologies that contain 
syncytiotrophoblasts. 


ICD-O codes 

Placental site trophoblastic 
tumour 

Epithelioid trophoblastic 
tumour 


9104/1 
9105/3 


Epidemiology and etiology 
See Germ .cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Clinical features 

Only 4 cases of placental site tropho- 
blastic tumour (PSTT) have been de- 
scribed, in patients aged 16 months to 
39 years. Two were in the testis of a man 
and a child, respectively, and the other 
two were found in metastatic sites after 
chemotherapy in adult patients with prior 
mixed GCTs {2197,2649,2785}. Epithe- 
lioid trophoblastic tumours (ETTs) have 
been reported as components of primary 
testicular mixed GCTs (2 cases) and in 
metastases of patients with testicula: 
GCTs who received chemotherapy (3 
cases) {56,1272}. 

Cystic trophoblastic tumours (CTTs) oc- 
cur more commonly as residual disease 
in post-chemotherapy retroperitoneal 
lymph node dissections; however, they 
may also occur in the untreated testis 
{1015,2773}. Serum human chorionic 
gonadotropin may be elevated in pa- 
tients with PSTT and ETT but not usually 
to the same degree as seen in chorio- 
carcinoma; it is normal or only mildly el- 
evated in patients with CTT. The corre- 
sponding primary testicular tumour may 
demonstrate trophoblastic differentiation 
(choriocarcinoma) in metastatic PSTT, 
ETT, and some CTTs. 


Fig. 4. 

Layers of mont 

Macroscopy -7 

No distinclive lindings are known, be- 


cause the lumours have been minor 
rents of mixed GCTs. 


comput 
Histopathology = 
PSTI consists of infiltrative single or 


loosely cohesive implantation-type inter- 
mediate trophoblastic cells with abun- 
dant eosinophilic or focally vacuolated 
cyloplasm, irregular nuclei, and often 
dense smudged nuclei. PSTT charac- 
teristically invades into the muscular 
walls of vessels with associated fibrinoid 
change. ETT consists of nests and cords 
of squamoid-looking, chorionic-type in- 
termediate trophoblasts with eosinophilic 
or clear cytoplasm and prominent cell 
borders associated with a hyaline ma- 
trix. Vascular invasion is not generally 
found. Extracellular and intracellular eo- 
sinophilic globules containing basophilic 
apoptotic nuclear debris are a common 
associated finding. 
CIT consists of small multifocal cysts 
lined hy # variable thickness of mostly 
mononucleated — degenerative-looking 
trophoblastic cells with abundant eosino- 
ae cytoplasm, smudged nuclei, and 
w mitoses, Intracytoplasmic lacunae 


irks seen in some of the cyst-lining 
cells. 


These lesions stain for general tropho- 


hiasilc markers (ie. 3-beta-hydroxyster- 
ae dehydrogenase, inhibin, GATA3, and 
$18). PSTT is typically positive for hu- 
me Placental lactogen and negative for 
oe peapa ETT is usually negative or 
sii oCally Positive for human placental 
ee but Immunoreactive for 963 and 
incl? like its uterine counterpart. CTT 
agi Y Shows only tare cells immunore- 

ve for human chorionic gonadotropin, 
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37 A Epithelioid trophoblastic tumour. There is a cohesive group of squamoid, mo ith nu 
nucleated trophoblast cells, some with prominent cytoplasmic lacunae, line a cyst; teratoma is adjacent. 


Genetic profile and genetic 
susceptibility 

See Germ cell tumours derived from 
germ cell neoplasia in situ (pp. 189,197). 


Prognosis and predictive factors 

Data regarding the behaviour of PSTT 
and ETT are limited. The two reported 
testicular PSTTs did not recur during long 
follow-up after orchiectomy {2197,2785}. 
After chemotherapy, CTT does not show 
a high rate of disease progression, and 
its presence in this setting does not war- 
rant additional chemotherapy, akin to a 
residual teratoma {2773}. 


Teratoma, postpubertal-type 


Definition 

Postpubertal-type teratoma is a malig- 
nant germ cell tumour (GCT) composed 
of several types of tissue representing 
one or more of the germinal layers (endo- 
derm, mesoderm, and ectoderm). It may 
be composed exclusively of well-differ- 
entiated, mature tissues or have imma- 
ture, embryonic-type tissues. Teratoma 
may contain syncytiotrophoblastic giant 
cells. 
ICD-O code 9080/3 
Synonyms 

Mature teratoma; immature teratoma 


Epidemiology and etiology 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Clinical features 
Signs and symptoms 
Among __ postpubertal 


patients, most 


postpubertal-type teratomas are seen 
in young adults, with the pure tumours 
accounting for 2.7~7% of all germ cell 
tumours (GCTs) {1959} and teratoma oc- 
curring as a component of mixed GCTs 
in 47-50% of cases {2879}. Most patients 
present with a mass, which is usually firm 
and irregular, or with metastases. Serum 
a-fetoprotein levels are helpful in differ- 
entiating these teratomas from yolk sac 
tumours. 


Imaging 

Teratomas are generally well-circum- 
scribed, complex masses. Cartilage, 
calcification, fibrosis, and scar forma- 
tion result in echogenic foci, resulting in 
variable degrees of shadowing. Imaging 
studies showing a predominately cystic 
mass suggest that there is a teratoma- 
tous component. 


Tumour spread and staging 

These tumours, when they metastasize, 
follow the same routes of spread as other 
GCTs. The staging system outlined in 


Fig. 4.38 Postpubertal-type teratoma. With epithelial 
cysts and whitish-grey nodules of cartilage. 
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Fig. 4.39 Postpubertal-type ipratome. A An argano arrangement of r of respiratory Sithekm surrounded by smoot th uscle. B Small focus of glands within a ete, Mee the 


glands show prominent cytological atypia. C Nodule of cartilage within a teratoma with cytological atypia. 


TNM classification of germ cell tumours 
of the testis (p. 187) is used for postpu- 
bertal-type teratomas. 


Macroscopy 

The tumours are nodular and firm. The 
cut surfaces are heterogeneous with sol- 
id and cystic areas corresponding to the 
tissue types present histologically. Carti- 
lage, bone, and pigmented areas may be 
recognizable. 


Histopathology 

Virtually any epithelial or mesenchymal 
tissue type can be seen, as can neural 
tissue. Organoid arrangements charac- 
teristic of the skin, respiratory tract, gas- 
trointestinal tract, and genitourinary tract 
may also be seen, but occur in a much 
smaller proportion. of postpubertal-type 
teratomas than prepubertal-type terato- 
mas. It is not uncommon for various el- 
ements to show concerning degrees of 
cytological atypia. For instance, mature 
glandular tissue may show features of 
high-grade dysplasia or in situ carcino- 
ma, and cartilage may resemble chon- 
drosarcoma. A common finding in tera- 
tomas is a primitive, mitotically active, 
cellular stroma cuffing glands. Fetal or 


embryonic-type tissue may also be seen, 
consisting of ectodermal, endodermal, 
and/or mesenchymal tissues. Immature 
neuroectodermal structures resembling 
those of the early embryonic central ner- 
vous system are particularly common. In 
contrast to epidermoid cysts and many 
dermoid cysts, which are considered 
to be prepubertal-type teratomas, post- 
pubertal-type teratomas often contain 
multiple cysts lined by glandular or squa- 
mous epithelium, neuroectodermal tis- 
sue, non-cystic glands, and mesenchy- 
mal tissues such as adipose tissue and 
cartilage. Teratoma can show invasion of 
paratesticular tissue and intra- and ex- 
tratesticular vascular invasion. Similar to 
other malignant GCTs, the typical post- 
pubertal-type teratoma shows testicular 
atrophy with impaired spermatogenesis 
in the surrounding testis. The uninvolved 
testis may also harbour microlithiasis and, 
in almost 90% of cases, shows germ cell 
neoplasia in situ. In mixed GCTs, tera- 
toma is often paired with yolk sac tumour 
or embryanal carcinoma {1953}. In cases 
in which the testicular primary has terato- 
ma elements, post-chemotherapy lymph 
node metastases typically also contain 
teratoma. In both the testicular primary 


and in post-chemotherapy lymph node 
specimens, the stromal cells adjacent to 
teratoma often have genetic alterations 
concordant to the teratoma, indicating 
that the stroma is germ cell-derived and 
not just reactive fibrosis (330,495, 1700). 


/mmunophenotyoe 

The differentiated elements express the 
immunophenotype expected for that 
specific cell type. The glandular ele- 
ments of a teratoma are positive for epi- 
thelial membrane antigen {1266}. Human 
chorionic gonadotropin can be seen in 
syncytiotrophoblastic cells. Placental al- 
kaline phosphatase is also demonstrable 
in glandular structures {1959}. 

It is important to differentiate the post- 
pubertal-type teratomas from the prepu- 
bertal-type teratomas, because the latter 
may rarely occur in postpubertal patients 
{3070}. These tumours are discussed in 
depth in the section on prepubertal-type 
teratoma. 


Genetic profile 

Postpubertal-type teratoma is hypotrip- 
loid, as are the fully differentiated tumour 
cells found in residual teratomas after 
chemotherapy (1700,1926,2078,2472} 


cellular cartilage, and glands, 
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Prie for myogenin. 

in'cases where testicular postpubertal- 
type teratomas coexist with other GCT 
components, the postpubertal-type ter- 
aomas (in the testis and in metastatic 
sites) have genetic abnormalities similar 
to those of the other mixed GCT compo- 


nents | 1345,1414} 


Genetic susceptibility l 
See Germ cell tumours derived from 


germ cell neoplasia in situ (p. 189). 


Prognosis and predictive factors 

In the postpubertal testis, teratoma pre- 
sents with metastases in 22-37% of cas- 
es {1622} Whether a teratoma contains 
epithelium or mesenchymal elements with 
cytological atypia or immaturity has no ef- 
fect on prognosis, as long as no single 
type of dysplastic component forms a 
pure nodule larger than the field of view 
at x4 magnification, at which point a diag- 
nosis of somatic-type malignancy arising 
in a teratoma is made. In the absence of 
such overgrowth of these atypical or im- 
mature elements, cytological atypia and 
immature elements should not be men- 
lionecd in Ihe diagnosis, because they 
have no known prognostic significance. In 
patients with clinical stage | teratoma, the 
risk ol rrielaslasis in retroperitoneal lymph- 
adenectomies is 16.7% {487}. Nearly 
37% ol referred patients with pure tera- 
loma present with advanced disease 


Fig. 4.42 Aden 
Structures in ter 


y vy Rhabdomyosarcoma in teratoma. A Well-differentiated rh 


À i ae LEDAS 


ocarcinoma in teratoma. A The tumour shows an expansile growth pattern of glandular and papillary 
atoma. B This adenocarcinoma, NOS, shows back-to-back, confluent glandular growth. 


i 2e fasts > r 6% 
š Cee A Sore - i MEES 
A AEEA A E a A edie 


{487). Teratoma is the most common 
component in treated GCTs; when it is the 
only component present in metastases, 
the prognosis is generally favourable, in 
contrast to the prognosis for persistent, 
post-chemotherapy non-teratomatous 
GCTs {2678}. Teratoma metastases 
are typically synchronous; they are me- 
tachronous in only about 13% of cases. 
In a series from Indiana, USA, 15 (about 
37%) of 41 adult patients with pure tera- 
toma presented with synchronous metas- 
tases {1622}. For teratomas associated 
with a scar (i.e. a regressed, so-called 
burnt-out, component), the metastatic 
rate is 66%. Teratomas, even pure tera- 
tomas, may be associated with metas- 
tases of the whole spectrum of postpu- 
bertal-type GCTs {904,1305,2089,2260, 
2619}. Late recurrences (> 2 years after 
an initial complete response to chemo- 
therapy) are most commonly teratomas, 
and these have a better prognosis than 
late recurrences that occur in the form of 
other GCTs {1886}. In post-chemotherapy 
lymph nodes, the finding of mature rhab- 
domyocytes with abundant eosinophilic 
cytoplasm (lacking mitotic activity and 
without a primitive cellular component) is 
associated with a favourable prognosis 
and must be differentiated from meta- 
static rhabdomyosarcoma as a compo- 
nent of a somatic malignancy arising in a 
teratoma {536}. 
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Teratoma with 
somatic-type malignancy 


Definition 

A teratoma with somatic-type malignan- 
cy is a teratoma that develops a distinct 
secondary component that resembles 
a somatic-type malignant neoplasm, as 
seen in other organs and tissues (e.g. 
sarcomas and carcinomas). 

The term “teratoma with malignant trans- 
formation” is not recommended because 
it may lead to a misconception that tera- 
tomas lacking somatic-type malignancy 
are benign. 
ICD-O code 9084/3 
Synonyms 

Teratoma with a secondary malignant 
component; teratoma with malignant 
transformation (not recommended) 


Epidemiology and etiology 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Localization 

This tumour may develop either within the 
testis or, more commonly, in metastatic 
sites, often following initial treatment with 
cisplatin-based regimens. Overall, the 
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Fig. 4.43 Primitive neuroectodermal tumour in teratoma. 
This tumour resembles neuroblastoma or medulloblastoma 
with small blue round cells and rosette formations. 
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Fig. 4.44 Intestinal-type adenocarcinoma and low-grade leiomyosarcoma. These images illustrate the development of 


intestinal-type adenocarcinoma and low-grade leiomyosarcoma in three consecutive recurrences over a 19-year period; 
the not-so-rare progression of teratoma into somatic-type malignancies attests to the malignant (cyto)genetic make-up 
of these histologically deceptive tumours, here illustrated in a testicular germ cell tumour whose teratoma component 
progressed into two different somatic-type malignancies. A-D Glands in the primary tumour are lined by mildly dysplastic 
epithelium with overlapping nuclei (A); similar epithelium is also present in the first (B), second (C), and third (D) 
recurrences. There is also intestinal-type adenocarcinoma in the third recurrence (D, right). E-H There is a gradual 
increase of the smooth muscle component (desmin staining) of the primary tumour (E), in the first (F), second (G), and 
third (H) recurrences. Note the vascular invasion in the second reccurrence (G) and the increase of the cytonuclear atypia 
of the tumour cells (insets). Reprinted with permission from Oosterhuis et al. {2084}. 


retroperitoneal lymph nodes are the sin- 
gle most common location. 


Clinical features 

Somatic-type malignancies occur in 
3-6% of testicular germ cell tumours 
(GCTs) {26,553,2774}, virtually only in 
postpubertal patients (ranging in age 
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from 15 to 68 years) {553,1755,1963}. 
Most patients have teratomatous GCTs 
{553,1963,2311}. Occasionally, a so- 
matic-type malignancy may develop in 
a non-teratomatous GCT, where yolk sac 
tumour and spermatocytic tumour are 
alternative origins {1755,2748}. They are 
more common in metastases, particularly 
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after chemotherapy, rather than involv. 
ing the primary testicular tumour, and the 
single most common site is the retroperj. 
toneal lymph nodes {1755}. The interva| 
from the diagnosis of a GCT to the on. 
set of a somatic-type malignancy varies 
widely; some are seen in the primary ang 
others occur more than 30 years later 
{2311}. The median interval for carcino- 
mas (108 months) is substantially long- 
er than that for sarcomas (20 months) 
{2311}. 


Macroscopy 

There are no gross features that distin- 
guish somatic-type malignancies from 
primitive GCTs. If associated solely with 
teratoma, they may appear as solid grey 
to white nodules, sometimes associated 
with haemorrhage or necrosis, that con- 
trast with the more cystic teratoma. 


Histopathology 

Somatic-type malignancies may exhibit 
either expansile or infiltrative growth pat- 
terns. The tumour typically consists of a 
pure population of atypical mesenchymal 
or epithelial cells and occupies at least 
one low-power field (x4 objective, 5 mm 
in diameter) {2774}. In contrast, terato- 
ma, although often displaying significant 
atypia, consists of somewhat organoid 
admixtures of varied elements and is of- 
ten mixed with other GCT components. 
Radiation and chemotherapy may also 
induce atypical changes in both neoplas- 
tic and supportive cells, but treatment-in- 
duced atypia is usually diffuse and lacks 
the requisite nodular or infiltrative growth 
of a single type of atypical cell population 
{638}. 

Sarcomas arethe most common histolog- 
ical type and more than half of these ar3 
rhabdomyosarcomas {1083,1767}. Leio- 
myosarcoma, angiosarcoma, and other 
sarcomas have also been reported {1083, 
1767}. However, some post-chemo- 
therapy sarcoma-like tumours may be 
sarcomatoid yolk sac tumours {1239}. 
Most Carcinomas are adenocarcinomas, 
usually the NOS type {1755}. Squamous 
cell, neuroendocrine, and poorly differen- 
tiated carcinomas have also been found 
in teratomas {553,1755,1963}. Primitive 
neuroectodermal tumour (PNET) is anoth- 
er relatively common somatic-type malig- 
nancy {22,1885}. Most PNETs resemble 
central nervous system PNETs and lack 
the chromosome 22 translocation of pe- 
ripheral PNETs {2772}. Occasionally, 
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patients may develop nephroblastoma 
in teratoma | 1884} or in pure form {988}. 
Rarely, wo types of secondary somatic 
ype “ algnancies develop simulta- 
neously (557,2084) f 
gomalic-type malignancies demonstrate 
immunohistochemical features similar to 
those of thelr counterparts in other or- 
gans. They generally lose immunoreac- 
tivity for placental alkaline phosphatase, 
ocT3/4, and a-fetoprotein, but may 
maintain various degrees of positivity for 
SALL4 [1755}. 


Genetic profile 

Most somatic-type malignancies exhibit 
gain of 12p, usually as isochromosome 
12p 11535,1963}. Some may demon- 
strate chromosomal rearrangements that 
are characteristic of their counterparts in 
other locations {1963}. Two thirds of so- 
matic-iype malignancies have patterns of 
LOH icientical to those of their matched 
teratonas, and the rest have additional 
allelic loss (1414,1535)}. 


Genetic susceptibility 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Prognosis and predictive factors 
lhe pragnesis is generally not affected 
lhe somatic Malignancy is confined to 
the lestis | 1083, 1963], However, the de- 
Velonrnient of a somatic malignancy in the 
metastasis increases the mortality risk 
11083,1963]. Histological type does not 
ep ta be an independent prognostic 
ic multivariate analysis (2311}. If 
sen alignaney iS localized, surgical re- 
Ol is the ltreatrnent of choice {2015}. 
ween usually respond poorly to the 
or Piatin-based Chemotherapy for con- 
tional GCT |553, 1963], Some somatic 
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malignancies may respond to a specific 
chemotherapy that is effective for their 
counterpart in other organs {721}. 


Non-seminomatous germ 
cell tumours of more than 
one histological type 


Mixed germ cell tumours 


Definition 

Mixed germ cell tumours (GCTs) are 
malignant tumours with more than one 
GCT component; all are clinically re- 
garded as non-seminoma, regardless of 
the presence or absence of a seminoma 
component. 
ICD-O code 9085/3 
Synonyms 

Combined tumour; intermediate malig- 
nant teratoma (not recommended) 


Epidemiology and etiology 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Fig. 4.46 Mixed germ cell tumour. A mixed germ cell 
tumour with components of teratoma, yolk sac tumour, 
and embryonal carcinoma has the typical variegated 
appearance of these neoplasms. 
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he tumour shows a triphasic proliferation of renal epithelial, blastemal, and stromal components. B The tumour cells are positive for WT1. 


Clinical features 

Mixed GCTs account for the majority (69% 
or more) of all non-seminomatous tumours 
{966,1511]. The more common combina- 
tions of components include embryonal 
carcinoma (EC) with teratoma, seminoma, 
or yolk sac tumour (YST), but any combi- 
nation, and often more than two compo- 
nents, can be seen. The average patient 
age at presentation is 30 years. On av- 
erage, patients with a predominance of 
EC are younger than those with predomi- 
nance of seminoma (28 years vs 33 years) 
{336}. Mixed GCTs in prepubertal patients 
are extremely rare. Serum marker eleva- 
tions are often present and reflect the tu- 
mour components present: a-fetoprotein 
and human chorionic gonadotropin eleva- 
tions indicate the presence of YST and 
trophoblastic components, respectively. 
The absence of these components in the 
primary tumour, after a thorough search, 
indicates their presence at metastatic 
sites {214,2383}. 

Different components and their propor- 
tions, particularly in clinical stage | tu- 
mours, may have Clinical implications 
{636}, so the diagnosis of mixed GCT 
should be followed by an enumeration of 
the percentages of all non-necrotic tumour 
components. Because of the sometimes 
overlapping features between different 
components, it may be difficult to provide 
anything other than approximations in 
some tumours {1023}. Immunohistochem- 
istry may be helpful in such cases. 


Macroscopy 

The tumours are variegated depending 
on the presence of different components; 
solid white to grey areas may reflect a 
seminomatous component, whereas 
non-seminomatous elements are more 
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Fig. 4.47 A Mixed germ cell tumour showing cystic glands of 
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embryonal carcinoma with a more subtle microc 


nag 


ystic yolk 


sac tumour component. B Polyembryoma variant of a mixed germ cell tumour forms embryo-like bodies with a core of 
embryonal carcinoma, an amniotic-like space, and a “ventral” yolk sac tumour component; these are situated in a loose 
spindle cell stroma. C Diffuse embryoma. A diffuse embryoma variant of a mixed germ cell tumour shows a necklace-like 
arrangement of columnar embryonal carcinoma cells with a parallel component of flat yolk sac tumour cells. 


often associated with areas of necrosis, 
haemorrhage, and cystic change. 


Histopathology 

The histopathological features of the indi- 
vidual components are identical to those 
seen in pure forms. Closely associated 
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components of EC and YST are particu. 
larly common, and the YST component 
is often missed. Distinction of foci of cho. 
riocarcinoma from syncytiotrophoblastic 
giant cells in association with seminoma 
is very important, because of the differ. 
ent treatments and prognosis; immuno- 
histochemical staining for OCT3/4 may 
be necessary for this distinction in some 
cases. Recognition of YST foci may be 
facilitated by immunostaining for glypi- 
can 3. The greater nuclear pleomor- 
phism, nuclear overlap, and abundant 
apoptotic bodies in EC generally distin- 
guish this tumour from seminoma, but 
in some cases, appropriate immunohis- 
tochemical stains (CD30, cytokeratins, 
and others) may be necessary. See Ta- 
ble 4.04 (p. 202) for additional informa- 
tive markers. 

Two patterns of mixed GCT are suffi- 
ciently distinct to be separately subcat- 
egorized: polyembryoma and diffuse 
embryoma. 


Polyembryoma 

This distinctive mixed GCT is composed 
of EC and YST, predominantly arranged 
in a pattern resembling an early pre- 
somite embryo {829}. On microscopic ex- 
amination, there are numerous scattered 
embryo-like bodies (so-called embryoid 
bodies), with a central plate of cuboidal 
to columnar EC cells, a “dorsal” amniotic- 
like cavity lined by flattened epithelium, 
and a “ventral” yolk sac-like vesicle com- 
posed of reticular and myxomatous YST. 
These bodies are surrounded by a myx- 
oid, embryonic-type mesenchyme. Foci 
of polyembryomas are always part of a 
mixed GCT and have not been reported 
in pure form. If a diagnosis of polyembry- 
oma is made, the alternative diagnosis cf 
mixed GCT shouldalso be provided, with 
a listing of the components. 


Diffuse embryoma 

This tumour is characterized by an inti- 
mate admixture of orderly arranged EC 
and YST in roughly equal proportions 
{399,657}; other minor germ cell com- 
ponents, including trophoblastic and 
teratomatous elements, may also OC- 
cur. The YST elements usually garland 
foci of EC as a parallel layer of flattened 
epithelium, although the reverse pattern 
may also occur. This arrangement has 
been described as a necklace pattern 
{399}. The flattened cell layer in such 
cases generally stains for glypican 3 and 
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prognosis and predictive factors 
aresence and proportion of EC, vas- 
ye s invásion. and rete testis invasion cor- 
cula". with higher risk of metastasis in clini- 
ner? we ! Tumeurs {636,910,928,2477}, 
sae we i ya presence of YST and teratoma 
componenis is associated with a lower in- 
cidgnce ol metastasis {910,2974}, Rete 
iesus and mlar soft tissue invasion have 
atso bean shown lo correlate with clinical 
stage | Or ill (compared with stage !) dis- 
ease al presentation {8022}. A teratoma- 
tous component in the testis is also associ- 
ated! with higher probability of teratoma in 
oosechamolherapy retroperitoneal lymph 
nodes In higher-stage tumours {409}. Like 
in pure tumours, the predominance of a 
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48 Regressed germ cell tumour. A Circumscribed fibrous scar with promine 
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cl oriocarcinomalous component n mixed 
GCTs is associated with high stage al pre- 
sentation and aggressive behaviour (2840). 


Germ cell tumours of 
unknown type 


Flegressed germ Cell tumours 


Definition 

Regressed germ cell tumours (GCTs) are 
GCTs that have undergone either partial 
or complete regression, leaving behind a 
generally well-delineated nodular focus 
of scar/ibresis in the testis. 
ICD-O code 9080/1 
Synonym 

Burnt-oul germ cell tumours 


Epidemiology 

Less Ihan 5% of testicular GCTs undergo 
complete or partial spontaneous regres- 
sion, and their clinical demographics 
parallel those of non-regressed GCTs 
(104, 182,151}. 
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‘in expanded tubular profiles in a scar, with a small focus of residual adjacent teratoma. 


nt Leydig cell clusters in the surrounding atrophic testis. B In a different case; a scar contains 
C Hyalinized tubular ghasts and siderophages are present within the scar, D Coarse intratubular calcifications are 


Etiology 
See Germ cell tumours derived trom 
germ cell neoplasia in situ (p. 189). 


Clinical features 

Spontaneous regression of GCTs often 
first presents as metastases, most com- 
monly manifesting as back pain second- 
ary to retroperitoneal mass effect, often 
with elevated germ cell tumour markers. 
Less common, in order of decreasing 
prevalence, are testicular enlargement, 
elevated serum markers, and testicular 
pain. Historically, many regressed tes- 
ticular GCTs with retroperitoneal metas- 
tases were thought to be extratesticular 
primary GCTs, but subsequent studies 
have found evidence of a regressed 
(so-called burnt-out) testicular primary 
in most cases. The diagnosis of a re- 
gressed GCT therefore requires a high 
degree of clinical suspicion. It is quite 
critical to determine whether the testis is 
the site of origin, because chemothera- 
py administered for metastatic GCTs is 
less effective in the testis, and testicu- 
lar relapse may occur if orchiectomy is 
not performed. If the primary tumour is 
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Fig, 4.49 Regressed germ cell tumour. A number of features suppori the diagnosis of a regressed germ cell tumour; this 
graph shows the relative percentages of various histological features both within the scar (blue) and outside of the scar 
{red) in regressed germ cell tumours. GCNIS, germ cell neoplasia in situ. Data from {104,182}. 


completely regressed, the most impor- 
tant and clinically relevant differential 
diagnosis is non-neoplastic scarring. 
Even if the microscopic features are not 
conclusive, the patient still requires close 
clinical follow-up. 

Testicular sonographic characteristics 
are non-specific;.an abnormality is found 
in the majority of cases. Characteristics 
can be hyperechogenic, hypoechogenic, 
or a mixture of the two. Nodular areas are 
more common than linear areas, but both 
have been described, as have features 
suggestive of ischaemla {558,2681}. Cal- 
cifications are detected in a small subset 
of cases. 


Macroscopy 

The right and left testes are equally af- 
fected. Gross testicular enlargement is 
found in a minority of cases, often associ- 
ated with significant residual viable GCT. 
The majority of cases demonstrate an 
abnormality on cut surface, with well-de- 
lineated, white to tan, solitary or multiple 
nodules. Less commonly, scarred, band- 
like, stellate, or linear foci are observed. 
Thorough sampling is necessary to iden- 
tify scars that may be very small. Rarely, 
even with thorough sectioning, no scar 
is found in a testis harbouring germ cell 
neoplasia in situ in some patients with 
metastatic retroperitoneal GCTs {637}. 
Residual gross viable tumour is present 
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in a subset of cases, and in rare cases, 
no gross abnormalities are detected. 


Histopathology 

In all cases, a mostly well-demarcated 
fibrotic scar is reported. Additionally, 
a subset of patients have evidence of 
metastatic GCT. Features within the 
scarred area that support a regressed 
GCT include lymphoplasmacytic inflam- 
mation (present in about 90% of cases), 
hyalinized tubular ghosts (about 70%), 
increased vascularity (50%), and sid- 
erophages (44%). A finding pathogno- 
monic of a regressed GCT are coarse, 
shard-like calcifications within expanded 
tubular profiles in the scar (present in 
about 15% of cases), corresponding to 
regressed intratubular embryonal car- 
cinoma with complete comedonecrosis 
and secondary dystrophic calcification. 
Additional supportive evidence of regres- 
sion, occurring peripheral to the scar, in- 
cludes atrophy and sclerosis of seminifer- 
ous tubules (100%), germ cell neoplasia 
in situ (about 50%; the second pathogno- 
monic feature of a regressed GCT when 
associated with a scar), Leydig cell clus- 
ters exceeding a normal tubular diame- 
ter (about 45%), and intratubular micro- 
liths / psammomatous-type calcifications 
(about 30%), 

In a completely regressed GCT, none of 
the features are sufficiently specific to 
accurately subtype the GCT; however, 
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coarse intratubular calcifications are most 
commonly associated with regressed em- 
bryonal carcinoma {182,1901}. The sub- 
type of residual GCT is also unlikely to ac. 
curately predict the composition of either 
the metastasis or the regressed GCT com. 
ponent. Similarly, the composition of the 
metastasis may only incompletely reflect 
the composition of the primary GCT {186}, 
Both seminomatous and non-semino- 
matous GCTs undergo spontaneous 
regression, but the phenomenon is not 
well studied in spermatocytic tumours, 
There is discrepant evidence in the litera- 
ture regarding the relative tendencies of 
GCT subtypes to undergo spontaneous 
regression. Although choriocarcinoma 
has historically been considered particu- 
larly prone to regression, seminoma is 
the most common histology, paralleling 
the normal distribution of GCT subtypes 
{104,182}. 


Genetic susceptibility 
See Germ cell tumours derived from 
germ cell neoplasia in situ (p. 189). 


Prognosis and predictive factors 
Ipsilateral radical orchiectomy is the 
standard management for patients who 
present with retroperitoneal germ cell 
neoplasms and have palpable or non- 
palpable testicular abnormalities on 
sonography. 

Regressed GCTs, because of their com- 
monly occult nature, usually present at 
higher stages than do non-regressed 
tumours; however, it is unknown wheth- 
er there are any other significant bio- 
logical or clinical differences between 
regressed and non-regressed GCTs. 
Management is therefore similar to that 
for non-regressed GCTs of comparabls 
stage and composition. 


Germ cell tumours 
unrelated to germ cell 
neoplasia in situ 


Spermatocytic tumour 


Definition 

Spermatocytic tumour is a germ cell 
tumour (GCT) derived from postpuber- 
tal-type germ cells. The tumour cells 
resemble spermatogenic cells, most 
commonly spermatogonia or early pri- 
mary spermatocytes. 


m 


ICD-O code 9063/3 
synonyms 

Spermatocytic seminoma (not recom- 
mended); spermatocytoma (not recom- 
mended); type Ill germ cell tumour (see 
rable 4.02, p. 192) 


Epidemiology 

Spermatocytic tumour accounts for about 
1% {404} of testicular germ cell tumours 
and occurs at a mean patient age of 
52-59 years, a significantly older patient 
age than that associated with the germ 
cell tumours derived from germ cell neo- 
plasia in situ (GCNIS), which is absent in 
spermatocytic tumour. There is no asso- 
ciation with cryptorchidism and no estab- 
lished racial or ethnic predisposition. This 
tumour occurs exclusively in the testis, 
with no comparable primary: neoplasm 
in the ovary or in extragonadal sites. 


Etiology 

Age-related activating mutations in the 
FGFR3 and HRAS genes or amplifica- 
tion of the short arm of chromosome 9, 
including DMRT1, may occur in spermat- 
ogonia that give the cells a proliferation 
advantage leading to tumour formation 
1972, 1028, 1029, 1697}. 


Clinical features 

The tumour occurs over a wide patient 
age range (19-92 years), but incidence 
peaks in the sixth decade of life. Most 
patients present with a painless testicular 
mass, although some have pain. Either 
metachronous (most commonly) or syn- 
chironous bilateral involvement occurs in 
9% of cases. Serum tumour markers are 
not elevated. Spermatocytic tumour only 
rarely metastasizes, unless there is tu- 
‘nour dedifferentiation to form a sarcoma, 
an event associated with a high meta- 
“latic rate (of at least 50%). Patients with 


Fig. 4.50 Spermatocytic tumour. The cut surface shows 
numerous grey to pink nodules in an overall lobular 
Configuration. 


Table 4.05 Comparison of the clinical and 
seminoma) with typical seminoma, modifie 


‘Proportion of germ cell tumours 


Associated with germ cell neoplasia, 
in situ No 


| Composition 


i 


round nuclei 
Lymphoid reaction Rare to absent 
Sarcomatous transformation Occasional 


Hy ntal alkaline phosphatase 
staining Hi 


| OCT4 staining Negative 


Metastases Extremely rare 
sarcomatous tumours may have a history 
of a long-standing slow-growing testicu- 
lar mass, with recent sudden increase 
in size. All 4 of the histologically verified 
cases of metastatic, non-sarcomatous 
spermatocytic tumour initially spread to 
the retroperitoneum {1230,1822,1897, 
2607}, with 1 case subsequently involv- 
ing the lungs {1897}. For those rare tu- 
mours with a sarcomatous component, 
metastases are in a haematogenous dis- 
tribution (most commonly involving the 


Fig. 4.51 Spermatocytic tumour. A Tripartite cellula 


pathological features of Sperma 
d and updated from Scully {24€1A} 


3 cell types, with denser cytoplasm, 
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1 cell type, often clear cytoplasm, 
less-regular nuclei 
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lungs) and consist only of the sarcoma- 
tous component. 


Macroscopy 

The tumours are usually 3-5 cm (but may 
be larger) and are lobular to multinodular. 
The cut surface varies from greyish white 
to haemorrhagic and from fleshy to myx- 
oid. Occasional cysts may be present. 
Growth into the epididymis and foci of 
necrosis may be seen. Sarcomatous foci 


r composition, with small, lymphocyte-like cells with round nuclei and 


dense chromatin; intermediate-sized cells, often with filamentous chromatin and prominent nucleoli; and giant cells. Note 
the apoptotic cells. B Immunostain for DMRT1 showing nuclear and cytoplasmic reactivity in a spermatocytic tumour, 
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Fig. 4.52 Spermatocytic tumour. A Multiple solid tumour nodules separated by scant fibrous stroma. B Pseudoglandular pattern produced by central oedema with 
nests. C Prominent intratubular growth; note the absence of germ cell neoplasia in situ, with adjacent tubules showing normal spermatogenesis. D Spermatocytic tumour with 
sarcoma. Spindle cell sarcoma is adjacent to a nodule of spermatocytic tumour. 


may be grossly recognizable as a fleshy, 
sometimes firm, region with necrosis. 


Histopathology 

The tumour cells are arranged in dif- 
fuse to multinodular patterns that are 
often interrupted by prominent areas 
of oedema, ‘which sometimes creates 
a pseudoglandular appearance when 
fluid accumulates centrally in round tu- 


mour nests. Cystic change is common. - 


The hallmark is a polymorphous popula- 
tion of tumour cells often described as 
tripartite. These include small cells with 
round, uniformly dense nuclei and scant 
cytoplasm; intermediate-sized cells with 
round nuclei having finely granular to 
filamentous (so-called spireme) chroma- 
tin and variably prominent nucleoli; and 
giant cells with single or multiple nuclei 
having similar nuclear features as those 
of the intermediate-sized cells. The in- 
termediate-sized and giant cells usually 
have dense eosinophilic to amphophilic 
cytoplasm, but it may be pale in some 
cases. The cytoplasmic membranes are 
often (but not always) poorly defined. Mi- 
totic figures, including atypical forms, are 
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usually frequent, as are large numbers 
of apoptotic tumour cells. The stroma is 
usually scant and finely fibrous. Lympho- 
cytic infiltrates are absent to scant, and 
granulomatous inflammation is only rarely 
seen. In uncommon cases, the polymor- 
phous population of the tumour is largely 
absent, and there is a more uniform pro- 
liferation of intermediate-sized cells that 
may have prominent nucleoli. This mor- 
phology has been designated anaplastic 
spermatocytic tumour, but because there 
is no solid evidence that these tumours 
have a different biology, we do not use 
this nomenclature. Intratubular growth is 
common, but in contrast to seminoma or 
non-seminoma of young adults, GCNIS is 
absent {1978}. 

Features that assist in the distinction of 
spermatocytic tumour from seminoma 
(which is the most likely differential di- 
agnostic consideration) are outlined in 
Table 4.05 (p. 219). Immunohistochemi- 
cal staining is also helpful in establishing 
the diagnosis of spermatocytic tumour, 
which is negative for many of the usual 
embryonic germ cell tumour markers (i.e. 
OCT3/4, placental alkaline phosphatase, 
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a-fetoprotein, the B-subunit of human 
chorionic gonadotropin, CD30, and AP- 
2y) but positive for proteins expressed 
in spermatogonia (e.g. MAGEA4, KIT, 
synovial sarcoma X breakpoint proteins, 
SAGE1, DMRT1, SALL4, and OCT2) 
{396, 1652, 1697,2268,2624}. Immuno- 
reactivity for several of the cancer/tes- 
tis antigens has also been described 
in spermatocytic tumour (154,293,475, 
1373,2430,2624}. 


Spermatocytic tumour with sarcoma 

The sarcomas may show a pushing in- 
terface with the spermatocytic tumour or 
interdigitate with it. In some cases, only 
a small residual amount of the spermato- 
cytic tumour is present, which raises the 
possibility that some apparently primary 
sarcomas of the testis may in fact repre- 
sent complete sarcomatous overgrowth 
of a spermatocytic tumour. The sarco- 
mas usually exhibit rhabdomyosarco- 
matous differentiation or are undifferen- 
tiated, with spindle cell or pleomorphic 
morphology. High tumour grade, with 
necrosis and numerous mitotic figures, 
is typical. 
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Fig. 4.53 Genetic analyses of spermatocytic tumours. A detailed representation of chromosome 9 of spermatocytic 
tumour number 4 (see Fig. 4.54), showing a subchromosomal amplification of 9p21.3-pter, including the DMRT1 gene. 


Fig. 4.54 Genetic analyses of spermatocytic tumours. 

bacterial arlificial chromosome array comparative 
noric hybridization of 5 spermatocytic tumours (1-5); 
Note the gain of chromosome 9 (blue highlight). 


Genetic profile 

Spermatocytic tumour may have diploid, 
polyploid, or aneuploid DNA content 
{1513,1978}. On comparative genomic 
hybridization, there are frequent gains of 
chromosome 9 and less frequent gains of 
chromosomes 1 and 20, with partial loss 
of chromosome 22 {2355}. Gain of chro- 
mosome 9 corresponds to additional cop- 
ies of the DMRT1 gene {1697). Activating 
mutations of the FGFR3 and HRAS genes 
have been found in a minority of tumours 
and are thought to be age-related due to 
their preferential occurrence in an older 
subset of patients {972,1029}.The epige- 
netic profile of spermatocytic tumour is 
completely disorganized, with a mixture 
of cells displaying various levels of DNA 
methylation and both permissive and re- 
pressive chromatin modifications within 
each tumour {1520}. However, there is 
complete loss of biparental genomic im- 
printing and re-establishment of paternal 
imprinting only {665,2320,2523}. 


Prognosis and predictive factors 
Because spermatocytic tumours metas- 
tasize only very rarely, there are no es- 
tablished prognostic factors, although 
vascular space invasion was specifical- 
ly mentioned in 3 of the 4 documented 
metastatic cases {1230,1897,2607}. The 
prognosis of this tumour is excellent, un- 
less complicated by sarcoma, which is 
associated with a high mortality rate: 


Teratoma, prepubertal-type 


Definition 

Prepubertal-type teratoma is a germ cell 
tumour (GCT), usually seen in the pre- 
pubertal testis, composed of elements 
resembling somatic tissues derived from 
one or more of the germinal layers (en- 
doderm, mesoderm, and ectoderm). 
Prepubertaltype teratoma shows no 
association with germ cell neoplasia in 
situ (GCNIS), dysgenetic parenchymal 
changes, scarring, or chromosome 12p 
amplification. In postpubertal patients, 
these teratomas are sometimes called 
benign postpubertal teratoma {2478, 
3070}, but the designation of prepuber- 
tal-type teratoma encompasses cases in 
all age groups. 
ICD-O code 9084/0 
Synonyms 

Dermoid cyst; benign postpubertal tes- 
ticular teratoma; type | germ cell tumour 
of the testis i 


Epidemiology 

Teratomas that occur before puberty are 
largely distinct from those that occur in 
older patients, both in terms of patho- 
genesis and clinical behaviour. How- 
ever, entirely analogous tumours may 
rarely be seen in postpubertal patients. 
These neoplasms lack cytological atypia, 
are not associated with GCNIS {1779}, 
show normal surrounding seminiferous 
tubules, and do not recur or metastasize. 
Conservative treatment is therefore ap- 
propriate (179,660,2680). They appear 
to have more in common with the benign 
cystic teratomas seen in the ovary than 
with the GCNIS-associated germ cell 
tumours of the postpubertal testis. They 
typically occur before the age of 6 years 
{2598}, the oldest reported patient being 
59 years. It has been suggested that ter- 
atomas presenting in adult lile may have 
been present but undiagnosed since 
childhood {1412}. No ethnicities, geo- 
graphical locales, or exposures to certain 
substances have been linked to their de- 
velopment. Because cancer registries do 
not rouinely register benign tumours, re- 
liable data on the incidence of prepuber- 
taltype teratomas are lacking (see also 
Mixed teratoma and yolk sac tumour, 
prepubertal-type, p. 223, and Yolk sac 
tumour, prepubertal-type, p. 225), 
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Fig. 4.55 Prepubertal-type teratoma. A The tumour forms a mostly solid, circumscri 
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Fig. 4.56 Epidermoid cyst. A The cyst is filled with yellowish-white keratinous material arranged in distinct layers, 


creating a targetoid pattern. 


B An attenuated stratified squamous epithelium lines a cyst filled with keratin; the 


surrounding seminiferous tubules show normal spermatogenesis. 
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Pathogenesis 
See Mixed teratoma and yolk sac tumour, 
prepubertal-type (p. 223). 


Localization 
This tumour occurs in the testis. 


Clinical features 

Most of these tumours present as lumps 
discovered by the parents or patients, or 
on examination or imaging. Most are at 
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least partially cystic on ultrasound exami- 
nation, but they may also be solid {801}. 


Macroscopy 

The tumours may be solid or have a vari- 
ably prominent cystic component filled 
with keratinous or mucoid material. They 
may show calcification or bone formation. 
Grossly identifiable hair may occur in the 
dermoid subtype, a finding never reported 
in postpubertal-type teratomas of the testis. 


Tumours of the testis and paratesticular tissue 


ibed, 1 cm mass in the testis of 
a 6-month-old; there are small nodules of translucent cartilage. B This teratoma shows an organoid arrangement 
of smooth muscle bundles and connective tissue around a cyst lined by ciliated epithelium (not visible at this low 
magnification); there are lobular collections of acinar-type cells in the layer analogous to a submucosa. 


Histopathology 

The tumours have distinct differences 
from postpubertal-type teratomas. Cal- 
cification and hair follicles may be seen, 
but numerous other ectodermal, mesen. 
chymal, and endodermal tissues also oc- 
cur, including glandular and squamous 
epithelium, meningothelium, fat, carti- 
lage, bone, and muscle {3070}. Ciliateg 
epithelium, Squamous cysts, and smooth 
muscle tend to be particularly prominent 
and are often arranged in an organoid 
pattern, with the smooth muscle encir- 
cling ciliated epithelium-—lined cysts and 
sometimes splitting into distinct layers 
akin to muscularis mucosa and muscu- 
laris propria, with an intervening collec- 
tion of connective tissue resembling sub- 
mucosa. Lobular groupings of glands 
resembling salivary or pancreatic acinar 
cells may occur. Virtually all elements 
lack significant atypia. In contrast to the 
postpubertal-type teratomas, there is no 
GCNIS. For this reason, the parenchyma 
should be closely examined in all cases, 
but particularly so in the postpubertal 
setting, where it is important to exclude 
the possibility that the teratoma arose 
from a GCNIS-derived GCT that has re- 
gressed. Therefore, there should be no 
tubular atrophy, parenchymal scars, tu- 
bular microlithiasis, necrosis, or impaired 
spermatogenesis, although there has 
been one report of a few prepubertal- 
type teratomas with reduced spermato- 
genesis {2088}. In difficult cases, molec- 
ular investigations for gain of 12p should 
be considered. 


Dermoid cyst 

Dermoid cysts are specialized variants 
of prepubertal-type teratoma that have 
a component replicating the structure of 
skin in an organoid arrangement. They 
are identical to their much more common 
ovarian counterparts, grossly forming 
a cyst that contains keratinous material 
and sometimes hair. Typically, a cyst is 
lined by stratified squamous epithelium 
with pilosebaceous units and apocrine 
and eccrine sweat glands in a colla- 
genous stroma similar to dermis {2776}. 
A lipogranulomatous reaction may be 
seen, reflecting leakage of oily cyst con- 
tents into the stroma. Elements similar to 
those seen in other prepubertal-type ter- 
atomas may also be present. As in other 
prepubertal-type teratomas, no GCNIS, 
parenchymal scars, or regressive tubular 
changes are seen. The current evidence 
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sities se tumours are cured by 
hows that thes 
ompiele excision {37 1,1087}. 


AS xa cyst 

hie ‘onocular cysts that on gross 
examination contain yellowish-white ke- 
ratinou naterial, often arranged in par- 
allel lamellae Microscopically, there isa 
stratified squamous epithelial lining but 
no skin appendages of other elements. 
GCNIS i: absent in the surrounding pa- 
renchyma, which shows unremarkabie 
jubules except for localized compressive 
effects (705,2488}. Epidermoid cysts are 
cured by complete excision, 


Well-dilferentiated neuroendocrine 
lumou (monodermal teratoma), pure or 
with other teratoma elements 

ICD-O code 8240/3 
Well-cifferentiated neuroendocrine tu- 
mour (carcinoid) accounts for less than 
1% of all testicular tumours and occurs 
in both children and adults. Only a few 
series {236,2303,2915} and one com- 
prehensive review {2628} have been re- 
ported The tumours occur in the testes in 
several forms: pure primary neoplasms, 
primary neoplasms with teratoma, prima- 
ty neoplasms with epidermoid or dermoid 
cysts and metastatic neoplasms from an 
Əxtratesticular primary (most commonly 


the leum). Clinically, most primary carci- 
nad \\iGOulS appear as a painless mass 
or swelling, with < 10% having specific 
Sy los associated with carcinoid tu- 


— > The majority (65-78%) are histo- 
Pa ly pure. The pure tumours usually 
Ont! a solid tan to yellow nodule; if tera- 
me I3 present, there may be associated 
K) pei Morphology is usually typical 
Biiccd: a a a tumours, with well- 
of cells Fas nests and acini composed 
Sito flacn ‘granular eosinophilic to pale 
bern (sometimes with distinct pink 
Pepper oe round nuclei with salt-and- 

chromatin in a prominently fibrous 
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58 A Well-differentiated neuroendocrine tumour (carcinoid) (right) associated with teratoma. 


Fig. oie of (A), showing cords of carcinoid tumour with stippled chromatin and uniform round nuclei. 


stroma. The tumours lack associated GC- 
NIS. In the literature, approximately 16% 
of primary tumours are reported to have 
exhibited malignant behaviour. However, 
this number is probably an overestimate 
because of selection bias for publishing 
malignant cases. The few reported car- 
cinoid tumours with detailed histological 
descriptions that metastasized all had 
features of atypical carcinoid tumours 
(i.e. necrosis and/or 2-10 mitoses per 
10 high-power fields) {2915}. There have 
been no well-documented cases of a pri- 
mary typical carcinoid of the testis with 
malignant behaviour. Moderate cytologi- 
cal atypia alone (which is not uncommon 
in testicular carcinoid tumours), unac- 
companied by mitotic activity or necrosis, 
is insufficient to warrant the diagnosis of 
atypical carcinoid. Most reported cases 
of carcinoids associated with teratoma 
have been in postpubertal males. Of the 
15 reported cases with mature teratoma, 
2 metastasized. A total of 6 primary and 
teratoma-associated carcinoids have 
been analysed for isochromosome 12p; 
two separate groups found that isoch- 
romosome 12p was absent in one case 
each, whereas a single study of 4 cases 
reported its presence (5,1397,2915} 
In summary, most primary carcinoid tu- 
mours of the testis have a benign clini- 
cal course, regardless of association with 
teratoma or epidermoid/dermoid cysts. 
However, lesions with the morphology 
of atypical carcinoid can occasionally 
exhibit metastatic spread. Atypical car- 
cinoid morphology correlates with previ- 
ously observed malignant criteria, includ- 
ing larger tumour size {2628} and clinical 
carcinoid syndrome {3056}. 


Genetic profile 

Unlike postpubertal-type teratomas, 
prepubertal-type teratomas lack the 
usual genetic abnormalities seen in 
GCNIS-associated tumours, including 


lsochromosome 12p 13070 

genetic abnermalities have Pgh ale: 
11956) (see also Mixed teratoma ana vei 
sac tumour, Prepubertal-type, p 223, 
and Yolk sae tumour, prepubertal-type 
p. 225). High-throughput DNA methyla 
tion analyses support ihe hypothesis that 
the germ cell giving rise to prepubertal- 
type teratoma has a partially erased pal- 
tern of genomic imprinting (2320,2523}. 


Genetic susceptibility 

There is no known genetic susceptibility 
(see also Mixed teratoma and yolk sac tu- 
mour, prepubertal-type, p. 223, and Yolk 
sac tumour, prepubertal-type, p. 225) 


Prognosis and predictive factors 

There are no adequately documented 
cases of prepubertal-type teratoma that 
have exhibited malignant behaviour 
{3070} (see also Mixed teratoma and yolk 
sac tumour, prepubertal-type, p. 223), 
whereas carcinoid tumour is a low-grade 
malignant neoplasm, with a metastatic 
rate of about 15% (although this number 
is likely falsely high due to reporting bias) 
{2628}. Atypical morphology (i.e. necro- 
sis and > 2 mitotic figures per 10 high- 
power fields) correlates with greater risk 
of metastasis {2915} 


Mixed teratoma and yolk sac 
tumour, prepubertal-type 


Definition 

Mixed prepubertal-type germ cell tumour 
(teratoma and yolk sac tumour) is a germ 
cell tumour (GCT) not associated with 
germ cell neoplasia in situ (GCNIS) or 
12p amplification and usually seen in the 
prepubertal testis. The tumour is a combi- 
nation of prepubertal-type teratoma and 
prepubertal-type yolk sac tumour (YST). 
ICD-O code 9085/3 
Synonyms 

Type | germ cell tumour of the testis; pre- 
pubertal-type mixed non-seminoma 


Epidemiology 

Incidence data are unavailable, but re- 
gional and institutional registry data sug- 
gest that these tumours are less than 
one tenth as common as prepubertal- 
type YSTs {839,1615,1880}, and even 
less common compared to prepubertal- 
type teratoma. Because the incidence of 
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Fig 4.59 Mixed prepubertal- type germ cell tumour (teratoma and yolk sac tumour). A Small clusters of yolk sac tumour are seen with teratomatous elements, including cartilage. 
glands, and neoplastic stroma. B Higher-power view of the same tumour. 


prepubertal-type YST is 2-3 cases per 
1 million O-5-year-old children {2598}, 
an estimate for mixed prepubertal-type 
GCT is 2-3 cases per 10 million children 
in this age range. The incidence may be 
somewhat higher, in view of reports of 
prepubertal-type teratoma with elevated 
a-fetoprotein (AFP; see also Yolk sac tu- 
mour, prepubertal-type, p. 225, and Ter- 
atoma, prepubertal-type, p. 221). 


Etiology 

The cause is unknown. It is thought that 
YST develops from teratoma through 
tumour progression, a hypothesis that 
is supported by cytogenetic data: pre- 
pubertal-type teratoma is diploid and 
prepubertal-type YST is aneuploid {1956, 
2833} (see the Genetic profile section 
of Yolk sac tumour, prepubertal-type, 
p. 225). This progression is well docu- 
mented for ovarian {2884} and sacrococ- 
cygeal YST% {2091} and also described 
for a prepubertal-type teratoma (with 
elevated serum AFP) with immature el- 
ements that produced lymph node me- 
tastases of YST {1880}. As in sacrococ- 
cygeal teratoma, immature elements 
having OCT3/4-positive but SOX2- and 
CD30-negative stem cells occur, pos- 
sibly leading to the progression to YST 
{659,2382}. Early progression in a mi- 
croscopic immature teratoma results in 
a histologically pure YST; progression in 
an established teratoma yields a mixed 
prepubertal-type GCT; progression can 
also occur in metastases, as mentioned 
above {1880}. It is not known why mixed 
prepubertal-type GCTs, like their type | 
counterparts at other locations, only con- 
tain YST and teratoma. Remarkably, em- 
bryo-derived teratomas, which are con- 
sidered a model for type | GCTs, share 
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this feature. They usually present as pure 
teratoma with a normal karyotype, or, in 
late-occurring tumours, as pure YSTs 
with karyotypic abnormalities (1699, 
2802,2803}. Obviously, the embryonal 
germ cells from which they are derived 
lack the pluri-/omnipotency of the pre- 
cursor cells of type Il GCTs {2083,2087, 
2320}. Although prepubertal-type tera- 
toma is not associated with other GCTs 
(apart from YST), it may very rarely prog- 
ress to primitive neuroectodermal tumour 
as a somatic-type malignancy {1396}. 


Clinical features 

The clinical features are similar to those 
of prepubertal-type teratoma and prepu- 
bertal-type YST (see Teratoma, prepu- 
bertal-type, p. 222, and Yolk sac tumour, 
prepubertal-type, p. 225). Even micro- 
scopic foci of YST warrant the diagno- 
sis of mixed prepubertal-type GCT, and 
clinical management as YST {2362}. A 
prepubertal-type GCT histologically di- 
agnosed as teratoma with an AFP level 
clearly beyond what is normal for the pa- 
tient’s age should clinically be regarded 
as mixed prepubertal-type GCT {1880]; 
small foci of YST were probably missed 
on gross and microscopic examination. 


Localization 
This tumour occurs in the testis. 


Macroscopy 

Because the YST component is usually 
minor, most cases resemble prepubertal- 
type teratoma (see Teratoma, prepuber- 
tal-type, p. 221). 


Histopathology 
The tumours combine the histological fea- 
tures of prepubertal-type teratoma and 


Tumours of the testis and paratesticular tissue 


YST (see Teratoma, prepubertal-type, 
p. 221, and Yolk sac tumour, prepuber- 
tal-type, p. 225). Microscopic dimensions 
and close association with immature ter- 
atoma may obscure a YST component. 
Staining for AFP is recommended if a 
YST component is suspected (e.g. due 
to the presence of endometrioid epithe- 
lium with subnuclear vacuoles or due 
to the presence of immature teratoma). 
Immunohistochemical demonstration of 
AFP establishes YST and justifies the di- 
agnosis of mixed prepubertal-type GCT 
{2362}. One paper suggests that such tu- 
mours may also occur in the postpubertal 
testis {2088}. 


Genetic profile 

Although the genetic profile of mixed 
prepubertal-type GCTs has not been for- 
mally demonstrated, these tumours prob- 
ably combine the cytogenetic character- 
istics of prepubertal-type teratoma and 
prepubertal-type YST, like their counter- 
parts in other anatomical locations (see 
also Teratoma, prepubertal-type, p. 221, 
and Yolk sac tumour, prepubertal-type, 
p. 225). 


Genetic susceptibility 

There is no known genetic susceptibility 
(see Yolk sac tumour, prepubertal-type, 
p. 225). 


Prognosis and predictive factors 

Mixed prepubertal-type GCTs have the 
same excellent prognosis as prepuber- 
tal-type YST, with a survival of 100% 
when the YST component is correctly di- 
agnosed and managed accordingly (see 
also Yolk sac tumour, prepubertal-type, 
p. 225). 
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Yolk sac tumour, 
prepubertal-type 


Definition 

Prepubertal-type yolk sac tumour (YST) 
ig a germ cell tumour (GCT) that differ- 
entiates to resemble extraembryonic 
structures, including the yolk sac, allan- 
tois, and extraembryonic mesenchyme. 
Unlike the postpubertal-type tumour, it is 
not associated with germ cell neoplasia 
in situ (GCNIS). 
ICD-O code 9071/3 
Synonyms 

Endodermal sinus tumour (not recom- 
mended); yolk sac carcinoma (not rec- 
ommended); orchidoblastoma (not 
recommended); infantile embryonal car- 
cinoma (not recommended); type | germ 
cell tumour of the testis 


Epidemiology 

This is a rare tumour, with an estimated 
incidence of 2-3 cases per year per 
1 million children through age 6 years 
{2598}. It usually occurs in young chil- 
dren and differs from the morphologically 
similar neoplasms of postpubertal pa- 
tients in several ways: it has no appar- 
ent racial or geographical predilection, 
has had a stable incidence throughout 
the 20th century {3000}, has no associa- 
tion with cryptorchidism or GCNIS {1072, 
1139,1348,1780}, and occurs in pure 
form in most cases. In registry series of 
prepubertal testicular tumours, YST is the 
most common neoplasm, accounting for 
48-62% of cases {1615,2363}, although 
selection bias may favour its predomi- 
nance over teratoma in this context (see 
also Teratoma, prepubertal-type, p. 221). 
|here are no established epidemiologi- 
cal associations with its develooment. 


Pathogenesis 
See Mixed teratoma and yolk sac tumour, 
prepubertal-type (p. 223). 


Clinical features 

This tumour develops at a median pa- 
tient age of 16-20 months (ranging 
from 3 months to 8 years), with very rare 
Cases beyond 6 years {578A, 1615,2363, 
2598}. Unlike juvenile granulosa cell tu- 
mour, which is a major differential diag- 
Nostic consideration, it is rarely (if ever) 
Congenital. Almost all patients present 
with a unilateral testicular mass. Like its 


Fig. 4.60 Prepubertal-type yolk sac tumour. There is a 
solid, light-tan, homogeneous nodule in the testis. 


postpubertal-type counterpart, it pro- 
duces and secretes a-fetoprotein (AFP), 
whichis elevated in 95% of cases {1615}. 
Because serum AFP is physiologically 
elevated in neonates, it can be difficult 
to determine the significance of high 
AFP levels, although it has been estab- 
lished that a value > 100 ng/mL at an age 
>6 months is abnormal {287}. About 80% 
of patients have clinical stage | disease 
at presentation {1615,2363)], which is a 
significantly greater proportion than with 
the postpubertal type. Of these, only 6% 
relapse when managed on surveillance 
protocols, with an approximately equal 
incidence of retroperitoneal and pulmo- 
nary relapses {1615}. This contrasts with 
the 33% incidence of occult retroperito- 
neal metastases in postpubertal patients 
with pure YSTs {905}. Prepubertal-type 
YST has a greater tendency to spread 
haematogenously than does the postpu- 
bertal type. The staging system outlined 
in TNM classification of germ cell tumours 
of the testis (p. 187) and Staging of germ 
cell tumours by the Paediatric Oncology 
Group (p. 188) is used. 


Localization 
This tumour occurs in the testis. 


Macroscopy 

The tumours are predominantly solid, 
relatively homogeneous, yellow to tan, 
nodular masses. Foci of cystic change 
may be present. Necrosis and haemor- 
rhage are uncommon. 


Histopathology 

The same morphological patterns and 
immunohistochemical profile are seen as 
in the postpubertal-type variant (see Yolk 
sac tumour, postpubertal-type, P. 207). 
Two notable differences are the absence 
of GCNIS and regressive changes In the 
surrounding parenchyma, both of which 
characterize postpuberlal-type GCTs. 


Rarely, tumours consisting of teratoma or 
YST that are not associated with GCNIS 
and that lack isochromosome 12p occur 
in the postpubertal testis. These might 
be late presentations of prepubertal- 
type cases {2088}. A major differential 
consideration is juvenile granulosa cell 
tumour. That neoplasm typically occurs 
in a younger group of patients (usually 
aged < 6 months) and is very often con- 
genital. It does not produce AFP, but se- 
rum AFP levels must be considered with 
Caution due to the normally high levels 
seen in neonates. Juvenile granulosa 
cell tumour usually has a more cystic 
gross appearance and characteristically 
shows a lobular pattern of growth, with 
follicle-like structures containing fluid 
and lined by several layers of polygonal 
tumour cells. Lobules are separated by a 
variably prominent fibromuscular stroma. 
Stains for AFP are negative and stains for 
a-inhibin are positive 


Genetic profile 

In a pathogenetic classification of all 
forms of GCTs, prepubertal-type YST of 
the testis has been considered a type | 
GCT, along with the ovarian and extrago- 
nadal GCTs of childhood {2083}. On cy- 
togenetic examination, these cases lack 
gain of 12p, which is typically found in 
the postpubertal-type GCTs of the tes- 
tis, usually in the form of isochromosome 
12p. Like the extragonadal and the ovar- 
ian type | YSTs, they show gain of 1q, 
12(p13), 20q, and 22, and loss of 1p, 
4, and 6q {1956,2185,2446,2853}. It is 
thought that some cases progress from 
what is originally a diploid teratoma to an 
aneuploid YST. 


Genetic susceptibility 

Familial occurrence of prepubertal-type 
YST has not been demonstrated (2240, 
2518}, Unlike postpubertal-type GCTs 
of the testis, prepubertal-type GCTs (in- 
cluding YSTs) have been shown to have 
no association with SNP variants of genes 
such as KITLG, SPRY4, and DMAT1. 
There does seem io be an association 
with a SNP variant of BAK 1 [2239}, sug- 
gesting that resistance to apoptosis of 
primitive germ cells may play a role in the 
pathogenesis of prepubertal-type GCTs. 


Prognosis and predictive factors 

Because of the low incidence of ad- 
vanced-stage disease and the effective 
chemotherapy available for those with 
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metastases, survival approaches 100% 
{1615,2342,2696}. Pathological find- 
ings correlating with the development 
of metastases include size > 4.5 cm, 
rete testis or epididymal invasion, and 
necrosis {578A}. Specific microRNA el- 
evation after orchiectomy may predict 
metastasis {989,1986}. Patients older 
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than 2 years may be more likely to have 
advanced-stage disease at diagnosis 
{2236}. All patients are treated by orchi- 
ectomy. Management after orchiectomy 
for those with clinical stage | disease is 
by surveillance, with chemotherapy giv- 
en to those who relapse. Patients with 
metastases at presentation receive initial 


Tumours of the testis and paratesticular tissue 


chemotherapy. Recurrent ana Melastatic 
tumours are almost always SUCCesSsfulh 
treated with platinurm-based chemother. 
apy. Surgical excisien ef residual masseg 
after chemotherapy rnay be performed 
bul is usually not necessary 


a 


Sex cord—stromal tumours 


Introduction 

This category includes neoplasms of pure 
sex cord and pure stromal-type, and also 
those with admixtures of both compo- 
nents in various proportions and degrees 
of differentiation. They account for about 
2-5% of testicular neoplasms in adults 
but a greater proportion in children (ap- 
proximately 25%), because of the lower 
incidence of germ cell tumours in chil- 
dren overall. Most tumours are non-func- 
tioning, but a minority may be associated 
with feminizing symptoms or isosexual 
pseudoprecocity. The great majority are 
Clinically benign, but approximately 5% 
are malignant, generally having atypical 
microscopic features. A subset, usually 
seen in younger patients, is associated 
with specific clinical syndromes. 

in addition to the well-established cat- 
egories discussed in the following sec- 
tions, there are also very rare reports of 
tumours described as being analogous 
to either signet ring—stromal tumour or 
Sertoli-Leydig cell tumour of the ova- 
ry (1541,1889), which-are not further 
considered. 


Pure tumours 


Leydig cell tumour 


Definition 

Leydig cell tumour is a neoplasm com- 
posed of cells typically having abundant 
eosinophilic cytoplasm and resembling 
non-neoplastic Leydig cells of the testis. 
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Fig.4.61 Leydig cell tumour. Awell-circumscribed nodule 
with a homogenous yellow cut surface. 


ICD-O codes 
Leydig cell tumour 
Malignant Leydig cell tumour 


8650/1 
8650/3 


Synonym 
Interstitial cell tumour 


Epidemiology 

Leydig cell tumours account for 1-2% of 
all testicular tumours and are the most 
common neoplasm in the sex cord-stro- 
mal group. Rare cases have been associ- 
ated with Klinefelter syndrome, although 
some of these may in fact represent florid 
Leydig cell hyperplasia, a frequent fea- 
ture of Klinefelter syndrome, rather than 
neoplasia. There is a rare association 
with the hereditary leiomyomatosis and 
renal cell carcinoma syndrome caused 
by germline FH mutations (407). 


Etiology 

The etiology is unknown, except in pa- 
tients with germline FH mutations. Even 
in patients without FH mutations, there 


tumour cells. C Leydig cell tumour with malignant histological features. There is focal marked cytological atypia. 
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Fig. 4.62 Leydig cell tumour. A Typical cells show abundant eosinophilic cytoplasm and round nuclei with visible nucleoli, B Abundant collagenous strom: 
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may be activation of the hypoxia/angio- 
genesis pathway (407). 


Clinical features 

Leydig cell tumour may be seen at any 
age and patients are usually asymptom- 
atic except for the finding of a testicular 
mass, but they may present with gynae- 
comastia (in as many as 15%) and (rare- 
ly) with Cushing syndrome [2138). Chil- 
dren (usually 5-10 years of age) lypically 
present wilh isosexual pseudoprecocity 
| 1435,2629) and only later are found to 
have a testicular mass on Clinical study, 
Increased serum levels of testosterone, 
androstenedione, and dehydroepian- 
drosterone are commonly seen, and 
estrogen and estradiol levels may oc- 
casionally be elevated. A minority of tu- 
mours (< 5%) that,are clinically malignant 
present with metastases {294,1435}. 


Localization 
These tumours are almost invariably 
unilateral. 


Macroscopy 

Most tumours are 0.5-5 cm and well cir- 
cumscribed. They have a homogeneous, 
soft, yellow to tan or brownish-green cut 
surface, but haemorrhage and necrosis 
are seen in about 25% of them. Lobula- 
tion with visible white bands between 
lobules may be present Extratesticular 
spread occurs in as many as 10% of 
cases {1435}. 


Histopathology 
On low-power examination, a diffuse 
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Table 4.06 Immunohistochemical markers helpful for the differential diagnosis of Leydig cell tumour, testicular tumour 


of the adrenogenital syndrome (TTAGS), 


DLK1 (also called FA1) 
INSL3 } 
CYP21A2 


LHR 


Synaptophysin 


te 


and Leydig cell hyperplasia, based on {148,304A,1731,1731A,2546A,2918} 
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Fig. 4.63 Sertoli-Leydig cell tumour. Anastomosing sertoliform tubules, one slitlike (retiform), are separated by stroma 


containing numerous Leydig cells. 


growth is most common, but large nod- 
ules separated by collagenous stroma 
are also seen. Less common patterns in- 
clude insular, trabecular, pseudotubular, 
ribbon-like, Sarcomatoid (spindle), and 
microcystic {265,1435,2777}. Rarely, foci 
of adipose metaplasia, calcification, and 
ossification {2777} are seen. The cells 
are typically uniform and round and have 
conspicuous eosinophilic cytoplasm 
that may contain Reinke crystals (in as 
many as 30%) and lipofuscin pigment 
(in as many as 15%). Variations include 
scant or foamy cytoplasm. The nuclei 
are usually round with prominent central 
nucleoli and minimal cytological atypia, 
as well as scant mitotic activity. Approxi- 
mately 5% of tumours show malignant 
cytological features, including appreci- 
able mitotic activity; these tumours are 
often associated with necrosis. Inhibin, 
calretinin, SF1, melan A, and CD99 are 
typically positive. Chromogranin, synap- 
tophysin, and cytokeratins are variably 
expressed, and < 10% of tumours are 
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$100 protein-positive. Nuclear B-catenin 
is absent {795,1265,2414,3069}. A small 
number of tumours are positive for pla- 
cental alkaline phosphatase {1481}. 
When malignant, these tumours are often 
aneuploid and have an increased MIB1 
index {503}. The differential diagnosis in- 
cludes unusual nodules arising in males 
with congenital adrenal hyperplasia, 
which have been called testicular adrenal 
rest tumours or testicular tumours of the 
adrenogenital syndrome. They resemble 
Leydig cell tumours but are almost al- 
ways bilateral and typically show bands 
of fibrosis, more voluminous cytoplasm, 
prominent lipofuscin, some degree of 
lymphocytic infiltrate, and a greater ten- 
dency for adipose metaplasia {148,2384, 
2918}. Several immunochemical markers 
(Table 4.06) are also useful in this differ- 
ential diagnosis {148,1731,2918}. 


Genetic profile 
Some childhood Leydig cell tumours 
have acquired missense mutations in 
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codon 578 of the gene tor Ihe luteiniz ñ 

hormone / choriogonadotropin receptor 
(LHCGA) that result in constitutive activa. 
tion of the receptor. Uncommonly, Leycti 

cell tumours are found to have mutations 
in the FH gene, either sporadically o, 
as part of the hereditary leiomyomato 
sis and renal cell carcinoma syndrome 
{407}. Genomic analysis has shown that 
the most common changes are gains of 
chromosomes X, 19, and 19p, and losses 
of chromosomes 8 and 16 {2858}, 


Genetic susceptibility 

There may be a weak association of Ley- 
dig cell tumour with Klinefelter syndrome 
and hereditary leiomyomatosis and rena| 
cell carcinoma syndrome. 


Prognosis and predictive factors 

Most of these tumours are benign {1149, 
2629}. The approximately 5% that are 
clinically malignant usually have two or 
more of the following features: diameter 
> 5 cm, infiltrative borders, cytological 
atypia, > 3 mitotic figures per 10 high- 
power fields, vascular invasion, and ne- 
crosis {1435}. 


Sertoli cell tumour, NOS 


Definition 
Sertoli cell tumour, not otherwise speci- 
fied (NOS), is a neoplasm composed of 
sex cord cells that usually shows focal 
tubular differentiation but rarely grows 
diffusely. 


ICD-O codes 
Sertoli cell tumour 
Malignant Sertoli cell tumour 


8640/1 
8640/3 


Synonym 
Androblastoma (not recommended) 


Epidemiology 

This neoplasm accounts for < 1% of all 
testicular tumours yet is the second most 
common sex cord-stromal tumour (after 
Leydig cell tumour) {1030,1383). There 
are no established related environmental 
causes. 


Clinical features 

Sertoli cell tumours are seen over a wide 
patient age range, with most occurring 
in adults. They typically present as an 
asymptomatic slow-growing mass. Gy- 
naecomastia is seen only rarely in the NOS 


Fig. 4.64 
group. Exceptionally, the tumour pre- 
sents at a metastatic site. Metastases are 
uncommon. They typically involve retro- 
peritoneal lymph nodes but may also 
have a haematogenous distribution. 


Localization 

These tumours are located within the tes- 
tis and (with rare exceptions {2993}) are 
unilateral. 


Macroscopy 

Most tumours are 2-5 cm, and they are 
usually well circumscribed and tan-white 
to (less commonly) yellow, with a typical- 
ly uniformly solid and soft to firm cut sur- 
face. About one third of the neoplasms 
have a minor cystic component {3037}. 
Necrosis and haemorrhage are rare. Tu- 
mours with prominent sclerosis are typi- 
cally smaller (with a mean size of 1.7 cm) 
and lack cysts {1376}. 


Histopathology 

Low-power examination most often shows 
a nodular growth of tubules in a scant 
but occasionally more abundant stroma. 
the tubules vary from round and hollow 
to solid and elongated, and from small 
1) large and cystically dilated. A diffuse 
Yyrowth of cells is much less common, 


At 


but when seen, may be traversed by fi- 
brous septa. Nests, cords, clusters, and 
(rarely) individual cells may be seen. The 
cytoplasm is usually moderate in amount 
and pale to eosinophilic; occasionally it 
is abundant and lipid-rich or may contain 
lipid vacuoles {3037}. Some neoplasms 
have a prominent lymphocytic infiltrate, 
and this has occasionally caused diag- 
nostic confusion with seminoma when 
coupled with diffuse growth and clear 
to pale cytoplasm {1163}. A minority of 
tumours have a component of neoplas- 
tic spindled cells that often subtly blend 
with the “epithelial” Sertoli cells. These 
have been designated Sertoli-stromal 
cell tumours. 

Cytological atypia is usually minimal 
to absent and mitoses are inconspicu- 
ous, but as many as 5% of neoplasms 
show cytological atypia and/or appreci- 
able mitotic activity. Inhibin is positive in 
about 50% of these tumours, and nuclear 
B-catenin in 60-70% {2191,3069}. Cal- 
retinin, SF1, CD99, melan A, and WT1 
are also typically positive (560,1265, 
1481,1832,2414}. The tumours are often 
positive for chromogranin, synaptophy- 
sin, and cytokeratin AE1/AE3 {2428}. 
Staining for epithelial membrane antigen 
is variable, but was positive in a series 
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of malignant neoplasms {1163}. The tu- 
mours also often express vimentin and 
$100 protein {795}. SOX9 shows nuclear 
expression in most cases {1380}. Elec- 
tron microscopy typically snows a well- 
developed Golgi apparatus, lipid drop- 
lets, and lateral desmosomes. 


Histopathological variant 

Some tumours have an extensively hya- 
linized stroma, and these have been des- 
ignated sclerosing Sertoli cell tumour. In 
these cases, the tubular pattern is often ef- 
faced and the cells arranged in cords and 
small clusters amid dense sclerosis. The 
occurrence of CTNNB1 gene mutations 
and nuclear displacement of B-catenin in 
both sclerosing tumours and NOS type 
support the hypothesis that both are in 
the same family of neoplasms {551,2191, 
3069}. Specification of the sclerosing 
Sertoli cell tumour variant (which requires 
a hypocellular to virtually acellular colla- 
genous stroma to constitute > 50% of the 
tumour) is still recommended because 
this variant appears to correlate with a 
lower risk of metastasis {1376,3105}. 


Genetic profile 
In one study, the most frequent chromo- 
somal aberrations included gain of the 
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Fig. 4.65 A Sertoli cell tumour, NOS. Solid tubules, cords, and occasional small clusters of cells. B Sertoli cell tumour, NOS. Solid Sertoli tubules with minimal cytological atypia. 


© Sertoli cell tumour, sclerosing variant. Abundant collagen is present between cords and rare tubules, 
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X chromosome (in about 40%) and (much 
less commonly) losses of the entirety or 
part of chromosomes 2 and 19 {2857}. 
Both the NOS type and its sclerosing 
subtype demonstrate CTNNB1 gene 
(which encodes p-catenin) mutations in a 
proportion of tumours (551,2191}, 


Genetic susceptibility 

The report of a patient with bilateral Ser- 
toli cell tumours and familial adenoma- 
tous polyposis (which leads to failure of 
degradation and nuclear displacement 
of B-catenin) {2993} suggests a possible 
relationship with that disorder. 


Prognosis and predictive factors 

Most Sertoli cell tumours are benign, but 
about 5% metastasize. Features prog- 
nostic of aggressive behaviour include 
local extratesticular spread, size > 5 cm, 
high-grade cytological atypia, > 5 mi- 
toses per 10 high-power fields, necrosis, 
and lymphovascular invasion (3037}. 


Large cell calcifying 
Sertoli cell tumour 


Definition 

Large cell calcifying Sertoli cell tumour is 
a distinctive neoplasm composed of Ser- 
toli cells typically with abundant eosino- 
philic cytoplasm and focal to massive 
calcifications. These tumours may occur 
either sporadically or as a component of 
the Carney complex. 
ICD-O code 8642/1 
Epidemiology 

This neoplasm is rare. It is estimated to 
be present in one third of patients with 
the Carney complex at presentation. 
About 60% are sporadic. There are no 
known environmental causes. 


Etiology 

Germline mutations in the PRKART1A 
gene on chromosome 17q22-24 are 
found in 60-70% of Carney complex—as- 
sociated cases {2864}. PRKARTA is be- 
lieved to function as a tumour Suppressor 
gene; loss-of-function mutations or dele- 
tions result in large cell calcifying Sertoli 
cell tumours. Some apparently sporadic 
tumours may also have PRKAR1A muta- 
tions {2196}. 
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Fig. 4.66 Large cell calcifying Sertoli cell tumour. Low-power view shows numerous large and small calcifications 


scattered in a collagenous stroma among cords and solid tubules of tumour. 


Clinical features 

Large cell calcifying Sertoli cell tumours 
are typically seen in teenage boys to 
young adults {1518,2246}. Cases associ- 
ated with the Carney complex are often 
found after other features of that disorder 
identify an at-risk patient, and most pa- 
tients are therefore younger than those 
with sporadic tumours. Ultrasonography 
shows one or more diffusely hyperechoic 
lesions with heavy acoustic shadowing 
and moderate hypervascularity {977, 
2513}. Uncommon malignant tumours 
usually involve retroperitoneal lymph 
nodes but may also spread haematog- 
enously {1518}. Almost all malignant neo- 
plasms are sporadic. 


Localization 

The tumours are typically bilateral and 
multifocal in Carney complex—associated 
cases, and are almost always unilateral 
and unifocal in sporadic cases. 


Macroscopy 

The tumours range from < 1-15 cm, with 
mean sizes of 1.4 cm and 5.4 cm for be- 
nign and malignant, respectively. Scat- 
tered small and bilateral tumours are 
characteristic of Carney complex-related 
cases. The tumours are typically tan to 
white and lobulated, with a gritty texture 
{2246}; necrosis and haemorrhage may 
occur in malignant tumours. 


Histopathology 
There are variable numbers of solid tu- 
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bules, nests, clusters, and cords of cells 
with ample, slightly granular eosinophilic 
cytoplasm, sometimes set in a fibromyx- 
oid stroma that often contains neutrophils, 
The nuclei are round to oval, with small 
to moderate-sized nucleoli. Intratubular 
tumour is seen in about 40% of cases. 
Calcifications vary from small and psam- 
momatous to prominent and plaque-like; 
ossification may be seen {2246}. Inhibin, 
$100 protein, and SF1 are typically posi- 
tive. However, nuclear B-catenin is ab- 
sent, unlike in many Sertoli cell tumours, 
NOS {1380,1518,3069}. Electron micros- 
copy reveals Charcot-Bottcher filaments 
{2246}. 


Genetic profile 

PRKARITA gene mutations are seen in a 
high proportion of Carney complex—as- 
sociated tumours and have also been oc- 
casionally found in apparently sporadic 
ones {2196,2864}. 


Genetic susceptibility 

Patients with Carney complex type 1, 
characterized by germline mutations 
and/or deletions involving PRKARTA, 
are at risk. Carney complex patients with 
certain sequence variants of the PDE11A 
gene may be at the highest risk {1646}. 


Prognosis and predictive factors 

Malignant behaviour is uncommon, 
and correlates with the presence of two 
or more of the following features: size 
> 4 cm, > 3 mitotic figures per 10 high- 
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power fields, significant nuclear atypia, 
necrosis, lymphovascular invasion, and 
extratesticular growth {1518}. 
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Intratubular large cell 
hyalinizing Sertoli cell 
neoplasia 

Definition 

INlratibular large cell hyalinizing Ser- 
loll coll neoplasia is an intratubular neo- 


plastic proliferation of large Sertoli cells 
aoconpanied by prominent basement 
membrane deposits occurring in patients 
wilh Peutz-Jeghers syndrome. 
CD-O code 8643/1 
Epidemiology 

= 'ntratubular neoplasm occurs almost 
ors | YOY in patients with Peutz-Jegh- 
beg eterna! which is the only known 
thee oe factor {2770,2854,3042]). 
large 'S histological overlap with the 
“© cell calcifying Sertoli cell tumour 
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tumour, A Cells with abundant eosinophilic cytoplasm grow mostly as solid 


(LCCSCT), but they have different pre- 
sentation, genetic alterations, and pre- 
dominance of intratubular growth. 


Etiology 

Germline mutations in the STK17 gene 
induce Peutz—Jeghers syndrome and are 
important in the pathogenesis of intra- 
tubular large cell hyalinizing Sertoli cell 
neoplasia. 


Clinical features 

Patients usually present as prepubertal 
males with gynaecomastia (a condition 
not associated with LCCSCT). The tes- 
ticular lesions are discovered on clini- 
cal examination or imaging {2770,2854}. 
Gynaecomastia is attributable to aro- 
matase production by the tumour, which 
converts local androgens to estrogens. 
Ultrasound shows scattered, small (usu- 
ally 1-3 mm), hyperechoic foci. All cases 
of intratubular large cell hyalinizing Ser- 
toli cell neoplasia have exhibited benign 
behaviour. 
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Localization 
The neoplasms 
bilateral. 


are multifocal and 


Macroscopy 

These tumours only exceptionally form a 
mass (when uncommonly invasive) but 
may be appreciable as scattered, firm 
foci measuring a few millimetres in diam- 
eter {2770,2854}. 


Histopathology 

Clusters of expanded seminiferous tu- 
bules are randomly scattered in the testis 
and contain proliferations of large Sertoli 
cells with pale to eosinophilic cytoplasm. 
The tubules are surrounded by promi- 
nently thickened basement membrane 
that project into the lumen as globular 
eosinophilic deposits. The neoplastic 
cells have round or ovoid nuclei with 
fine chromatin and small nucleoli. Mitotic 
figures are not apparent. Calcifications 
may be superimposed on the intratubular 
basement membrane deposits. Uncom- 
monly, the tumours invade the stroma, 
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basement membrane surround expanded tubules and project into the lumens, which contain large, eosinophilic Sertoli cells; there is some morphological overlap with the intratubular 


component of large cell calcifying Sertoli cell tumour, although calcification and invasive tumour are much less common. 


resembling LCCSCT. They are positive 
for inhibin, aromatase, and cytokeratin 
AE1/AE3 (539,2956}. 


Genetic profile 

There is a germline loss-of-function mu- 
tation in STK11. It is not known whether 
a somatic mutation occurs in the second 
allele of the testicular tumour as is com- 
monly seen in other neoplasms associ- 
ated with Peutz—Jeghers syndrome, 


Genetic susceptibility 
Patients with Peutz—Jeghers syndrome 
are at increased risk. 


Prognosis and predictive factors 

All cases of intratubular large cell hya- 
linizing Sertoli cell neoplasia have been 
Clinically benign. Conservative treatment 
with aromatase inhibitors is therefore rec- 
ommended to reduce the estrogenic ef- 
fects and accelerated bone age in these 
patients. 
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Fig. 4.70 Adult granulosa cell tumour. A Trabecular pattern. B Microfollicular pattern, 


Granulosa cell tumour 
Adult granulosa cell tumour 


Definition 

Adult granulosa cell tumour is a neoplasm 
composed of sex cord cells that resem- 
ble the granulosa cells of the Graafian 
follicles of the ovary. These tumours have 
a histological spectrum similar to that of 
the much more common tumours of the 
ovary. 
ICD-O code 8620/1 
Epidemiology 

These neoplasms are rare, accounting 
for < 0.5% of all sex cord-stromal tu- 
mours. There are no known epidemio- 
logical associations. 


Clinical features 

Patients range in age from teenaged to 
elderly, with a mean of 40 years. They 
typically present with testicular swelling. 
The tumours may rarely be associated 
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with estrogenic manifestations (gynaeco- 
mastia) {579, 1323}. The unusual tumours 
that metastasize most commonly spread 
to the retroperitoneal lymph nodes but 
may also involve liver, lungs, and bone 
{579}. 


Localization 
The tumours are almost 
unilateral. 


invariably 


Macroscopy 

Most tumours are 0.5-6 cm (mean, 
3 cm). They are well circumscribed and 
predominantly solid, although cysts may 
uncommonly be seen. They have a ho- 
mogeneous_ yellowish-tan or tan-white 
and lobulated cut surface {579,1323}. 


Histopathology 

On low-power magnification, the tumours 
are well circumscribed but unencapsulat- 
ed. They often show nodular growth, with 
the neoplastic cells within the nodules 
typically growing diffusely, although they 
may also form microfollicles, trabeculae, 
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nests, cords, or gyriform structures, or 
have spindled cell morphology. The as- 
sociated stroma is typically inconspicu- 
ous, but if present, may be fibrocolla- 
genous or oedematous. The cells have 
scant cytoplasm and elongated nuclei 
with numerous grooves and few mitotic 
figures. Rarely, the cells may be lutein- 
ized. Necrosis and haemorrhage may be 
seen. The tumour cells are typically posi- 
tive for vimentin, inhibin, calretinin, and 
CD99. They may be positive for melan A, 
FOXL2, smooth muscle actin, and S100 
protein and show some degree of positiv- 
ity for low—molecular weight cytokeratins 
(which may be paranuclear and dot-like), 
but they are negative for epithelial mem- 
brane antigen and lack nuclear B-catenin 
expression {579, 1323, 1655,3069}. 


Genetic profile 

Acquired FOXL2 mutations have been 
identified in a smaller proportion of these 
tumours than in their ovarian counterpart 
{1655}. 


Prognosis and predictive factors 

Features that have been noted to be 
more common in malignant tumours in- 
clude size > 4 cm, infiltrative borders, 
and lymphovascular invasion {579,1119}. 


Juvenile granulosa cell tumour 


Definition 

Juvenile granulosa cell tumour is a neo- 
plasm that usually shows solid and fol- 
licular patterns with immature nuclei re- 
sembling its ovarian counterpart. 


ICD-O code 8622/1 


Epidemiology 

These are rare, accounting for < 0.5% of 
all sex cord—stromal tumours of the testis, 
but they are the most common testicular 
tumour in the first 6 months of life. They 
may be seen in cryptorchid testes or as- 
sociated with dysgenetic gonads {1126, 
1380,1601}. 


Clinical features 

Almost all juvenile granulosa cell tumours 
occur in the first decade of life, with 90% 
occurring during the first 6 months. Pa- 
tients typically present with testicular 
enlargement, swelling, or mass {1380, 
1601}. A small minority of patients are 
found to have mixed gonadal dysgenesis 
{3038}. 


Localization 
These tumours are almost invariably 
unilateral. 


Macroscopy 

Tumours are 0.5-5 cm (mean, 2 cm). 
They are well circumscribed and have a 
solid, solid and cystic, or predominantly 
cystic cut surface. The solid component 
varies in colour from yellow to tan-white 
{11380,1601}. 


Histopathology 

Low-power magnification typically shows 
a lobular growth with cellular regions fre- 
quently punctuated by follicles of various 
sizes and shapes containing eosino- 
philic or basophilic fluid that is positive 
with mucicarmine stain. The background 
stroma is generally inconspicuous and 
ranges from fibrous to hyalinized to 
myxoid. Rarely, extensive hyalinization 
may efface the cellular component to a 
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significant degree. The tumour cells 
may have scant cytoplasm, but in many 
cases, it is relatively abundant and am- 
phophilic. The cells have round nuclei 
lacking grooves, small nucleoli, and 
brisk mitotic activity {1380,1601}. The 
tumours are typically positive for inhibin, 
calretinin, CD99, and SOX9 (1380, 1481}. 
They can also be positive for vimentin, 
pancytokeratin, and smooth muscle actin 
{1380}. 


Genetic profile 

Some patients may have abnormal 
karyotypes including mosaics such as 
45,X/47, XYY or 45,X/46,X,r(Y) {3038}. 
FOXL2 mutation has been tested in only 
one tumour and was negative {1655}. 


Genetic susceptibility 

Patients with gonadal dysgenesis and 
karyotypic anomalies involving sex chro- 
mosomes appear to be at increased risk 


Prognosis and predictive factors 
All tumours reported to date have been 
benign {1380, 1601}. 


Tumours in the fibroma- 
thecoma group 


Definition 

Tumours in the fibroma-thecoma group 
are neoplasms composed of fibroblas- 
tic cells derived from either the gonadal 
stroma or the tunica albuginea. They re- 
semble their ovarian counterparts {1337}. 
ICD-O code 8600/0 
Synonyms 

Gonadal! stromal tumour; fibrothecoma 
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Fig. 4.72  Fibrothecoma. The tumour forms a 
circumscribed, 1 cm, firm, white to focally light-tan 
nodule. Reprinted from Zhang et al. {3072}. 


Epidemiology 

These tumours are exceedingly rare. 
There are no established epidemiologi- 
cal associations. 


Clinical features 

Patients range in age from teenaged to 
elderly, with a mean age of 45 years. 
They typically present with a testicular 
mass {3072}. 


Localization 
Tumours in the fibroma-thecoma group 
are almost invariably unilateral. 


Macroscopy 

The tumours may be central in the tes- 
ticular parenchyma but often abut the 
tunica albuginea or yete testis. They are 
well circumscribed and 0.5-8 cm (mean, 
2 cm) in size. They typically have a firm, 
white cut surface {1337,307 2}. 


Histopathology 

The neoplasms are unencapsulated. 
They have fascicular (long or short) or 
storiform patterns and are often cellular. 
The cells have scant cytoplasm and elon- 
gated nuclei and appear cytologically 
bland but may be mitotically active (with 
as many as 5 mitoses per 10 high-power 


Fig. 4.73 Unclassified sex cord-gonadal stromal tumour, 
The tumour is well circumscribed and yellowish white. 
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seminiferous tubule. 


fields). The stroma is often scant, and 
thin fibrillar collagen is seen between the 
neoplastic cells; less commonly, acellular 
collagen plaques may be found {1337, 
3072}. These tumours are often (but 
variably) positive for inhibin, calretinin, 
melan A, pancytokeratin, actin, desmin, 
$100 protein, CD34, and Bcl2 {3072}. 


Prognosis and predictive factors 

All tumours reported have followed a be- 
nign course, including those with brisk 
mitotic activity {3807 2}. 


Mixed and unclassified sex 
cord-—stromal tumours 


Definition 

Mixed and unclassified sex cord-stromal 
tumours are neoplasms with indetermi- 
nate differentiation or containing two or 
more of the above-noted subtypes. 


ICD-O codes 
Unclassified sex cord- 


stromal tumour 8591/1 
Mixed sex cord- 
stromal tumour 8592/1 
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Fig. 4.74 Fibroma. Short fascicles of bland-looking spindle cells in a moderately cellular tumour; note entrapped 
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Clinical features 

Both mixed and unclassified sex cord~ 
stromal tumours are rare. They typically 
occur in middle-aged to elderly men and 
present as testicular swelling/mass. 


Macroscopy 
The tumours have a solid, yellowish-white 
cut surface. 


Histopathology 

The unclassified tumours have variable 
components of epithelial cells of sex 
cord type with patterns that do not lend 
themselves to subclassification as Sertoli 
or granulosa cell tumour. There is often 
a conspicuous fibrous stroma. Cytologi- 
cal atypia and mitotic activity are varia- 
ble. The mixed forms have recognizable 
subtypes of sex cord-stromal neoplasia 
in various combinations. Rarely, these 
tumours may entrap pre-existing tubules 
and their germ cells. A similar phenom- 
enon is seen in granulosa and Sertoli 
cell tumours {2778}. Their immunohisto- 
chemical profile parallels that of Sertoli 
or granulosa cell tumours, but unclassi- 
fied tumours may be less positive for the 
typical sex cord-stromal markers. Oc- 
casional tumours in each category may 


tumour of variable cellularity shows focal suggestion of 


granulosa differentiation (left) but overall has non-specific features. 
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that are similar to those that have proven 
useful in the identification of malignant 
Sertoli or Leydig cell tumours. 


Emerging entity 


Myoid gonadal stromal tumour 

Myoid gonadal stromal tumour is an 
emerging entity composed of spindle- 
Shaped cells showing features of smooth 
muscle and gonadal stroma. These rare 
tumours (< 10 described in the literature) 
occur over a wide age range (4-59 years) 
but are typically found in middle-aged 
men, with a median age of 41 years, who 
present with a mass {736,1377,2939}. 
The reported tumours have ranged from 
1.2 to 3.5 cm, and many have been 
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Fig. 4.76 Myoid gonadal stromal tumour. A Circumscribed, unencapsulated spindle cell tumou 
in short fascicles and have tapered nuclei and pale cytoplasm. 
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adjacent to the rete testis. Patients have 
had no associated hormonal symptoms, 
and the tumours have all exhibited benign 
behaviour. The tumour is circumscribed 
but not encapsulated. Densely packed, 
uniform spindle cells arè arranged in 
short fascicles with variably prominent 
intervening collagen deposits. The nuclei 
are tapered and euchromatic and have 
inconspicuous to small nucleoli. Occa- 
sional mitotic figures may be seen. The 
cytoplasm is scant and typically pale or 
lightly eosinophilic. Occasional ectatic 
blood vessels may be seen. The tumour 
cells coexpress smooth muscle actin and 
S100 protein. They are also positive for 
FOXL2 and SF1, but negative for SOX9, 
h-caldesmon, and calretinin. Inhibin of- 
ten displays weak and focal positivity. 
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The tumour is distinguished from fibroma 
based mostly on immunoprofile; fibroma 
lacks consistent S100 protein immunore- 
activity and is usually positive for SOX9, 
inhibin, and calretinin. Leiomyoma is 
also a consideration but has more abun- 
dant eosinophilic cytoplasm and blunt- 
ended nuclei, and is negative for S100 
protein. Unclassified sex cord-stromal 
tumour, unlike myoid gonadal stromal 
tumour, has a sex cord component, al- 
though it may be inconspicuous amid a 
predominance of spindle cells. Reticulin 
stains can highlight these foci because 
the fibres surround the sex cord cells in 
groups as opposed to surrounding indi- 
vidual stromal cells. 


Sex cord-stromal tumours 235 


Tumour containing both germ cell and 
sex cord—stromal elements 


Gonadoblastoma 


Definition 

Gonadoblastoma is a lesion composed 
of two cell types: germ cells, at least 
some of which are similar to germ cell 
neoplasia in situ (GCNIS) cells, and sex 
cord cells resembling immature granu- 
losa cells. 
ICD-O code 9073/1 
Epidemiology 

Gonadoblastoma is rare, but develops in 
as many as 50% of patients with certain 
types of gonadal dysgenesis {569, 1237, 
2461 ,2783} (see Genetic susceptibility). 


Etiology 

Gonadoblastoma develops in individu- 
als with disorders of sex development, 
which are sometimes hereditary {1290, 
1765,2493}. These disorders are caused 
by mutations or deletions in genes nec- 
essary for the physiological male (46,XY) 
pathway (initiated by SRY, followed by 
SOX9/WT1, SF1, etc.) {10,568,569, 1696}, 
resulting in gonadal dysgenesis. Mul- 
tiple genes may be affected in a given 
patient {1190}. Furthermore, the gonadal 
tissue must contain the GBY region of the 
Y chromosome, including the candidate 
gene encoding for testis-specific Y-en- 
coded protein (TSPY) {1597,1598,2752}. 
Disturbed expression in this pathway 
may result in immature sex cord cells 
resembling granulosa cells rather than 
normal Sertoli cells {365,1187}. In this 
hypovirilized condition, maturation of the 
embryonic germ cells is delayed, creat- 
ing a window for coexpression of em- 
bryonal and early differentiation genes, 
particularly POUS5F1 (which encodes 
OCT3/4) and TSPY {572,1415}. In com- 
bination with enhanced KIT / KIT ligand 
signalling {2622}, this promotes neo- 
plastic transformation of germ cells into 
GCNIS-like cells. A combination of GC- 
NIS and gonadoblastoma has also been 
reported within a single gonad, indicative 
of an underlying disorder of sex develop- 
ment {1189, 1643}. 


Clinical features 

Most patients (70%) are diagnosed in 
the neonatal period because of ambigu- 
ous genitalia. Patients with 45,X/46,XY 
mosaicism may have stigmata of Turner 
syndrome. In phenotypic females, amen- 
orrhoea may be the presenting feature 
{2783}. Gonadoblastoma is found in the 
fetal testis in exceptional cases {2583}, 
only in genotypical/phenotypical males 
{441,1189,1643,2461}. 


Localization 

Gonadoblastoma may occur in dysge- 
netic testes in the abdomen, inguinal ca- 
nal, or scrotum. If in streak gonads, they 
are intra-abdominal. About 40% of gona- 
doblastomas are bilateral {2461 ,2783). 


Macroscopy 

Gonadoblastomas are firm, tan-yellow to 
grey lesions that vary in diameter from a 
few millimetres to 8 cm. They often have 
a granular and gritty cut surface due to 
calcifications. About 20% of cases are 
associated with a dysgenetic testis and 
another 20% with a streak gonad. In the 
rest of the cases, the gonad is replaced 
by gonadoblastoma and/or an invasive 
germ cell tumour (GCT) {2461 ,2783}. 
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Histopathology 

Gonadoblastomas show multiple discrete 
round nests composed of germ cells, 
small sex cord cells, and round depos- 
its of eosinophilic basement membrane 
material that is often calcified. The cal- 
cifications resemble psammoma bodies, 
which can coalesce to larger, sometimes 
mulberry-like, aggregates. Occasionally, 
the cellular elements regress, leaving the 
characteristic calcifications, diagnos- 
tic of a regressed (so-called burnt-out) 
gonadoblastoma. 

At least some of the germ cells are neo- 
plastic, resembling GCNIS cells, with 
clear cytoplasm and polygonal, angu- 
lated nuclei with one or more prominent 
nucleoli. Other germ cells have a sper- 
matogonium-like appearance with less 
cytoplasm, finely granular to ropy chro- 
matin, and inconspicuous nucleoli. The 
proportions of these two cell types vary, 
both within a given case and between 
cases. This admixture explains the het- 
erogeneous expression of markers usu- 
ally found in GCNIS cells, i.e. placental 
alkaline phosphatase, OCT3/4, NANOG, 
AP-2y, VASA, TSPY, KIT, and KIT ligand 
(572,1415,1952,2622}. 

The sex cord cells have angulated nu- 
clei and little cytoplasm, and may be 
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with prominent mulberry-like 


calcifications, are seen in a dysgenetic gonad with ovarian-type stroma. 
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Fig. 4.78 Gonadoblastoma A. Germ cells, many resembling those of germ cell neoplasia in situ, are closely associated 
with small sex cord cells and hyaline basement membrane deposits; there are both follicle-like and Call-Exner-like 
arrangements of the sex cord cells. B An immunostain for OCT3/4 strongly highlights the nuclei of many (but not 
all) of the germ cells. C An immunostain directed against FOXL2 highlights the nuclei of many of the sex cord cells. 
D Undifferentiated gonadal tissue. Small clusters of atypical germ cells and sex cord cells are set in a cellular stroma. 


arranged at the periphery of the nests in 
a palisading pattern (coronal pattern), 
around the basement membrane de- 
posits (Call-Exner-like pattern), or en- 
circling individual germ cells (follicle-like 
pattern). Like granulosa cells, they show 
nuclear expression of FOXL2, but they 
may also weakly express SOX9, which 
is normally expressed in the nuclei of 
Sertoli cells {865,1187,1378}. KIT ligand 
can be present {1188,1952,2622}, in ad- 
dition to the usual markers, such as WT1, 
a-inhibin, and calretinin, 

The gonadoblastoma nests are dis- 
persed in a non-specific, spindle cell 
gonadal stroma that contains occasional 
Leydig-like or lutein-like cells lacking 
Reinke crystals. If residual non-involved 
jonadal tissue is present, it almost al- 
ways contains undifferentiated gonadal 
‘issue, Consisting of germ cells with sex 
cord cells either in small loose clusters 
or poorly defined cords or in isolation 
in a background of gonadal stroma. It 


is considered the precursor lesion of 
gonadoblastoma {571}, and is probably 
biologically comparable to pre-GCNIS 
{1385,2086}. 

Sertoli cell nodules colonized by GCNIS 
cells may be mistaken for gonadoblasto- 
ma. However, the GCNIS cells are focally 
distributed in the Sertoli cell nodules, and 
the supporting Sertoli cells are strongly 
immunoreactive for SOX9 and negative 
for FOXL2 {1187,1378}. 

Undifferentiated gonadal tissue may be 
mistaken for invasive dysgerminoma / 
seminoma {1381}. The presence of sex 
cord cells (staining for a-inhibin, cal- 
retinin, and FOXL2) and the absence of 
infiltrating lymphocytes distinguish it from 
dysgerminoma / seminoma. 
Dysgerminoma/seminoma that has over- 
grown the gonadoblastoma from which it 
arose may still contain the characteristic 
calcifications. This is important to recog- 
nize, because it signifies the origin of the 
GCT from a dysplastic gonad, and thus 
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indicates a 40% risk of involvement of the 
other gonad by gonadoblastoma and/or 
an invasive GCT {2783} 


Genetic profile 

There are findings similar to those of GC- 
NIS (see Germ cell tumours derived from 
germ Cell neoplasia in situ, p 197, and 
Specific forms of intratubular germ cell 
neoplasia, p. 201), although tetraploidi- 
zation does not always take place {1415} 
Overrepresentation of 12p material, usu- 
ally as isochromosome 12p, occurs with 
progression to invasiveness. K/T muta- 
tions are less common in gonadoblas- 
toma-derived germinomas than in those 
not related to gonadoblastoma {1188, 
1209,1514]. This suggests that two ger- 
minoma pathways might exist: one relat- 
ed primarily to GBY (with the candidate 
gene TSPY) and another related primarily 
to KIT signalling. 


Genetic susceptibility 

Those at risk include patients with 46 XY 
disorders of sex development who have 
mutations in W771 (seen in Denys—Drash 
syndrome; Frasier syndrome; and Wilms 
tumour / nephroblastoma, aniridia, geni- 
tourinary anomalies, and mental retar- 
dation [WAGR] syndrome) {1248,1692, 
1693,1696,2630,2677}, SRY, SOX9, 
DHH, ARX, RR5A1, and TSPYL7, result- 
ing in a dysgenetic testis {10,568,569, 
2816}, and 45,X/46,XY mosaic patients 
with streak gonads {641,2560}. As many 
as 50% of these patients may develop 
gonadoblastoma. Cases reported in 45,X 
patients with a Turner phenotype prob- 
ably involve undetected mosaicism for 
Y-chromosomal material containing the 
GBY region within the dysgenetic gonad. 


Prognosis and predictive factors 

Like GCNIS, gonadoblastoma, if left in 
place, will eventually progress into an 
invasive GCT (into a dysgerminoma / 
seminoma in 80% of cases and into a 
non-seminoma in 20% of cases). The 
proclivity for seminoma has also been re- 
ported in abdominal testes {2061}. 
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Miscellaneous tumours of the testis 
and paratesticular tissue 


Ovarian epithelial-type 
. tumours 


Definition 

Ovarian epithelial-type tumours are tu- 
mours of the testis or paratestis that re- 
semble ovarian surface epithelial-type 
tumours. The entire spectrum of ovar- 
ian surface epithelial tumours has been 
reported in the testis and paratestis, 
including serous, mucinous, endome- 
trioid, clear cell, and Brenner tumours 
{377,1010,1833,2055,2759,2780,3040}. 
Serous and mucinous tumours account 
for the majority, with serous border- 
line tumours predominating. Borderline 
tumours do not recur or metastasize, 
whereas Carcinomas have the potential 
for both. 


ICD-O codes 
Serous cystadenoma 8441/0 
Serous tumour of borderline 

malignancy 8442/1 
Serous cystadenocarcinoma 8441/3 
Mucinous cystadenoma 8470/0 
Mucinous borderline tumour 8472/1 
Mucinous cystadenocarcinoma 8470/3 
Endometrioid adenocarcinoma 8380/3 
Clear cell adenocarcinoma 8310/3 
Brenner tumour 9000/0 


Serous cystadenoma 

Serous cystadenoma is a unilocular cys- 
tic tumour lined by a single layer of bland 
serous-type epithelium {1493,2074}. 


Serous borderline tumour 

Serous borderline tumours are unilocular 
to multilocular cystic masses that have 
intracystic rounded papillae with fibro- 
vascular cores and extensively branch- 
ing architecture. The papillae are lined 
by stratified cuboidal to columnar cells 
that may exhibit atypia and mitotic activ- 
ity {1833,3040}. Psammoma bodies and 
intracystic detached clusters or isolated 
tumour cells may be present. Stromal 
microinvasion (< 5 mm) in the form of ir- 
regularly arranged clusters and single 
cells with abundant pink cytoplasm may 
be seen in the subepithelial stroma. 
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Fig. 4.79 A Endometrioid adenocarcinoma. The tumour resembles its ovarian counterpart; neoplastic glands are 
back-to-back and desmoplasia and necrosis are present. B Serous adenocarcinoma. High-grade nuclear features 
and psammomatous calcification. C Mucinous carcinoma in a mucinous borderline tumour. The invasive focus (centre) 
has anirregular arrangement of small, infiltrating glands, with an adjacent focus of borderline histology (left). Reprinted 
from Ulbright et al. {2787}. D Serous borderline tumour. The tumour has branching fibrovascular cores with a radial 
arrangement of stratified epithelium that gives rise to detached cellular clusters. 


Serous carcinoma 

Serous cystadenocarcinoma is charac- 
terized by infiltrating well-formed papillae 
lined by serous-type epithelia in a des- 
moplastic stroma {1338}. Small infiltrating 
nests may also be present. Psammoma 
bodies are frequent, and are associated 
with the epithelial nests or are present in 
the desmoplastic stroma. Serous carci- 
noma can be associated with a serous 
borderline tumour. The tumours may be 
immunoreactive for estrogen receptor, 
BerEP4, and Leu-M1 and negative for 
the mesothelial markers calretinin and 
HBME1 {1064,1833}. 


Mucinous cystadenoma 

Mucinous cystadenoma is a unilocular to 
multilocular cyst lined by a single layer 
of tall columnar endocervical-type cells 
lacking atypia {2780}. The cysts contain 
mucoid secretions and mucin may ex- 
travasate into the surrounding stroma. 
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Mucinous borderline tumour 

Mucinous borderline tumours are com- 
posed of unilocular or multilocular cysts 
lined by single to multiple layers of mu- 
cinous-type epithelia exhibiting moder- 
ate to marked cytological atypia {2780}. 
Occasional papillae are present, and 
intraepithelial carcinoma may be seen. 
Like in serous borderline tumours, micro- 
invasion can be present. 


Mucinous adenocarcinoma 

Mucinous adenocarcinoma is composed 
of infiltrative mucinous glands in a des- 
moplastic stroma. 


Endometrioid adenocarcinoma 
Endometrioid adenocarcinoma is a solid 
and cystic mass composed of endome- 
trioid-type glands. Squamous differentia- 
tion with keratinization may occur {2050, 
3040). 


Clear cell adenocarcinoma 

Clear cell adenocarcinoma is composed 
of papillae lined by one or two layers of 
cells with abundant clear cytoplasm and 
distinct cell membranes. One tumour of 
the tunica vaginalis was associated with 
uterine-like tissue {2759}. 


Brenner tumour 

Brenner tumour of the testis is identical 
‘to its ovarian counterpart. It forms a solid 
and cystic mass ranging from 1 to 5 cm 
in size. The tumours are composed of 
nests of transitional-type epithelia in a fi- 
brous stroma. Most tumours are benign, 
butrare malignant paratesticular Brenner 
tumours have been reported {377}. 


Juvenile xanthogranuloma 


Definition 
Juvenile xanthogranuloma (JXG) is a 
histiocytic disorder of infants and young 
children. 


Epidemiology 

JXG affects infants ranging from 
2.5 months to 13 months of age {1562, 
2646,2738}. 


Clinical features 

JXG presents as an isolated testicular 
mass or may be associated with systemic 
disease with testicular involvement as 


a Zi Mae 


xS 


cells, 


a 


TANA SN 


a 


Be et ak 


Fig. 4.80 Juvenile xanthogranuloma in prepubertal 
testis. Composed of mononucleated cells with abundant 
pale cytoplasm. Reprinted from Ulbright et al. {2787}. 


well as cutaneous, eye, and visceral in- 
volvement {2646,2738}. 


Histopathology 

JXG is composed of mononuclear histi- 
ocyte-like cells that infiltrate around and 
replace seminiferous tubules in a pattern 
resembling a leukaemic or lymphoma- 
tous infiltrate {2646}. Touton giant cells 
may be present. Tumour cells are posi- 
tive for CD68 and negative for S100 and 
CD1a {1562}. 


Prognosis and predictive factors 
Isolated JXG of the testis is very rare 
{2646}. In the few reported cases, surgi- 
cal removal has been curative. In cas- 
es with systemic disease, the tumours 
may regress spontaneously, but some 
patients require immunosuppressive 
therapy. 
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Fig. 4.81 Intratesticular anastomosing haemangioma. A A circumscribed, encapsulated tumour is composed of small, interconnecting blood vessels. B Uniform endothelial lining 


Haemangioma 


Definition 

Haemangioma is a benign tumour of vas- 
cular origin, 
ICD-O code 9120/0 
Epidemiology 

Tumours occur in infants to adults. 


Clinical features 
Patients may present with pain and a pal- 
pable testicular mass. 


Macroscopy 

Tumours range from < 1 cm to > 4 cm, 
and are circumscribed and reddish 
brown. Occasional fibrous areas may be 
present. 


Histopathology 

Haemangiomas can be cavernous, cap- 
illary, epithelioid, and anastomosing 
{1529}. Epithelioid tumours may show 
predominantly solid nests without vas- 
cular lumina formation, and the anasto- 
mosing variant appears to occur mostly 
in the genitourinary tract. Tumours may 
entrap seminiferous tubules around the 
periphery. Tumours are immunoreactive 
for CD31, FLI1, and CD34. 


Prognosis and predictive factors 
Tumours are benign and do not recur. 
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Haematolymphoid tumours 


Introduction 


Lymphoma arising in the testis accounts 
for 1-2% of all lymphomas, 4% of extranod- 
al lymphomas, and 5% of testicular neo- 
plasms {634,3102}. It is the most com- 
mon testicular neoplasm in men older 
than 50 years {3102}. About 80-90% of 
primary testicular lymphomas are diffuse 
large B-cell lymphomas. Follicular lym- 
phoma and nasal-type extranodal NK/T- 
cell lymphoma are rare but are distinct 
entities and are discussed separately 
in this section. Other types of lympho- 
ma occur sporadically (see Table 4.07, 
p. 241) {35,634, 1088,2917}. They include 
Burkitt lymphoma {630}; plasmablastic 
lymphoma {2603}; B and T lymphoblastic 
lymphoma {2447,2955}; peripheral T-cell 
lymphoma, NOS {918,1135}; and ana- 
plastic large cell lymphoma {32,3101}. 
Hodgkin lymphoma is vanishingly rare 
{2471}. Epididymal lymphomas are much 
less common than testicular lymphomas, 
but they have similar features. A variety 
of lymphomas arising in other sites may 
affect the testis and paratesticular struc- 
tures secondarily. 


A table summarizing features of haema- 
tolymphoid tumours of the male genital 
tract is shown/on p. 241. 


Fig. 4.82 Testicular diffuse large B-cell lymphoma. A Low-power magnification shows a dense 


Diffuse large B-cell lymphoma 


ICD-O code 9680/3 
Epidemiology 

Testicular diffuse large B-cell lymphoma 
(DLBCL) is predominantly a disease of 
older men, with a median patient age in 
the seventh decade of life (35,1135, 1567, 
3102}. Nearly all cases arise sporadically 
with no specific predisposing factors, 
although a few patients have been HIV- 
positive {35,159,2492} or iatrogenically 
immunosuppressed {192}. 


Clinical features 

Patients typically present with a hard, 
painless scrotal mass that is usually uni- 
lateral but is bilateral in approximately 
10-15% of cases {634,858,2492,2917}. 
In a minority of cases, patients present 
with constitutional symptoms {856,2917, 
3102} or with symptoms related to extra- 
testicular disease {858}. Approximately 
50% of patients have Ann Arbor stage | 
disease, 25% have stage II disease, and 
25% have stage IV disease {159,634, 
1567,2481}. Patients with stage IV dis- 
ease may have involvement of the bone 
marrow, bone, central nervous system, 
skin, orbit, and other sites {858,3102}. 
Therapy consists of orchiectomy fol- 
lowed by combination chemotherapy, 
with or without radiation to the oppo- 
site testis, sometimes with intrathecal 


a tubule surrounded and infiltrated by large atypical lymphoid cells with oval or irregular nuclei and distinct nucleoli. 
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chemotherapy {1135,3102}. Approxi- 
mately 80% of patients achieve complete 
remission {159,634,1567,2481}. Relaps- 
es are common, and may occur for years 
after initial diagnosis {1135,2481,3102}. 
Relapses often involve extranodal sites, 
including the central nervous system 
{1567 ,3100,3102}, opposite testis, bone, 
lung, skin, and Waldeyer ring; relapses 
may also involve lymph nodes {858,2492, 
3102}, Central nervous system relapses 
are more often parenchymal than menin- 
geal {1135,3102}. 


Macroscopy 

Diagnosis is typically established based 
on an orchiectomy specimen. Gross ex- 
amination reveals a discrete fleshy or firm, 
tan, pink, grey, or white tumour ranging 
from < 1 cmto 16 cm in greatest dimen- 
sion (with a median of about 6 cm), often 
replacing most of the testis and invading 
into or through the tunica albuginea {858, 
2492}. Lymphoma may extend to involve 
the epididymis, the spermatic cord, and 
(rarely) the scrotum {858,2917}. 


Histopathology 

These lymphomas typically obliterate the 
seminiferous tubules centrally, often with 
peripheral areas showing  intertubular 
spread and invasion of seminiferous tu- 
bules {858}. Lymphomas are composed 
of large atypical cells with round to oval, 
occasionally irregular or multilobulated 
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intertubular proliferation of atypical lymphoid cells. B High-power magnification shows 
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high mitotic rate, and starry sky pattern 
: Large lymphoid cells with = Clonal /GH, EBER+; 
Flasmablastic Very rare Immunodeficient men plasmablastic features and a high CD20 emer MYC abnormalities Aggressive course 
lymphoma aa MUM1+, clg+ 
mitotic rate common 
i i ee ; CD2+, sCD3-, Absence of clonal /GH 
Extranodal kong iode aged. Pite Mierea smal mecit; cCD3+, CD56+, rearrangement; Very poor; almost 
and older men; sized, and/or large atypical or bizarre ' 3 
NK/T-cell Rare ; 3 A TIA1+, granzyme B+, TCR rearrangement all patients die of 
usually Asians or cells with granular chromatin and pale ; ; ; 
lymphoma Native Americans alona perforin+, CD16-, usually absent; lymphoma in < 1 year 
ee CD57-, TdT- EBER+ 
Rare 
B lymphoblastic TA Dase tu AE pf MEUN aeons Prognosis is that of 
| i p. f p Mainly boys with prior or irregular cells with fine chromatin CD19+, CD20-, Varied the AEE d B-cell 
Pusara aera B-cell ALL and scant cytoplasm; frequent CD10+, TdT+, CD34+ 
lymphoma past; fewer iitoses ALL 
now with 
better therapy) 
T lymphoblastic H ei a eee CD3+, CD7+, CD4/8+ Prognosis is that of 
leukemia/ Rare a ae Gaoalasin Hecuent (doubfe positive), Varied the associated T-cell 
lymphoma ae y:op asm areg TdT+, CD1a+ ALL 
Middle-aged and ER CD138+, CD19-, Prognosis depends 
; Diffuse infiltrate of small mature or ; on presence of 
Plasmacytoma Rare older men, some with ; CD20-, monotypic Clonal /GH : 
large atypical plasma cells associated plasma cell 
myeloma clgt, slg- 
myeloma 
Diffuse infiltrate of medium-sized, oval 
Myeloid Males of any age, or irregular cells with fine chromatin, | CD34+,CD1172, Prognosis depends 
ue AML Rare some with prior or prominent nucleoli, and scant to MPO+, lysozymet, Varied on presence of 
concurrent AML moderate cytoplasm; frequent CD68+, CD20-, CD3~ associated AML 
mitoses 
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nuclei, prorninent nucleoli, and scant cy- 
loplasm, sometimes with sclerosis (858). 
The neoplastic cells are usually positive 
for CD45, CD20, Bcl2, and MUM1. Bcl6 
may be positive or negative, and only 
10-15% of cases are Positive for CD10 
(35,238,858, 1135]. Thus, most primary 
testicular DLBCLs have a non-germinal 
centre B-cell phenotype (238,291 7}. 


- Genetic profile 

Testicular DLBCL has distinctive genetic 
features. It commonly has loss of chro- 
mosomal material on 6p in the region of 
the HLA genes {304}. It also commonly 
has gains in the region of chromosome 
19q13, at the sites of LILRA3 (which is a 
member of the leukocyte immunoglobu- 
lin-like receptor gene family); BCL2L 12, 
PPP5C, and PAK4 (which may inhibit 
apoptosis); and SP/B (which is the direct 
target of the B-cell transcription factor 
BOB 1) {304}. TP53 pathway abnormali- 
ties are also common {304}. A minority 
of cases have translocations of BCL6. 
Translocations of MYC {238} and BCL2 
{238} are very uncommon. MYD88 muta- 
„tions are common (occurring in 71% of 
cases in one series) and are often ac- 
companied by CD79B mutations {1510}. 
MYD88 mutation may lead to activation 
and selective growth advantage through 
NFkB activation and JAK kinase ac- 
tivation of STAT3 {2032}, and CD79B 
mutation leads to chronic active B-cell 
receptor signalling, further stimulating 
proliferation {1510}. MYD88-mutant lym- 
Phomas only very rarely harbour BCL6 
translocations {1510}, suggesting ge- 
netic heterogeneity in the pathogenesis 
of testicular DLBCL. 


Prognosis and predictive factors 

The prognosis is relatively poor. Several 
Clinical and pathological features affect 
Prognosis. Features associated with a 
Particularly poor prognosis include ad- 
vanced stage {858,1135,1567,3102}, 
decreased serum albumin, high lactate 
dehydrogenase (1076,2481,3102], an 
unfavourable International Prognostic 
Index score {1135,3102}, an Eastern 
Cooperative Oncology Group (ECOG) 
performance status 2 2, infiltration of 
adjacent structures (i.e. spermatic cord, 
epididymis, and scrotum), bulky disease 
(> 9 cm) {2917}, failure to achieve re- 
Mission {1135,3102}, and relapse |858, 
1135}. Sclerosis and origin in the right 
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testis may be associated with a better 
prognosis {858, 1076}. 


Follicular lymphoma, NOS 


ICD-O code 9690/3 
Epidemiology 
Follicular lymphoma typically affects 


boys, although it can also affect ado- 
lescents and young adults (168,634, 
858,1690}. Primary testicular follicular 
lymphoma accounts for only 1.3% of 
all mature B-cell neoplasms in children 
{1690}. Most patients are otherwise well, 
although several patients had a hydro- 
coele {877,2114} and one had hypospa- 
dias {1156}. 


Clinical features 

Patients present with unilateral testicular 
enlargement, with disease confined to 
the testis or (very rarely) the epididymis 
{858,1690,1923,2114}. Most cases have 
been treated with orchiectomy and 
chemotherapy {168,877,1690,2114], or 
(rarely) with surgery alone {1156}. 


Macroscopy 

On gross examination, most tumours are 
in the size range of 2-4 cm. They form 
tan-grey or yellowish-tan, firm to fleshy le- 
sions replacing the entirety or part of the 
testis (1156,1690,1734,1923}. 


Histopathology 

Microscopic examination shows poorly 
delineated follicles composed of small 
and large centrocytes, centroblasts, and/ 
or multilobulated lymphoid cells lacking 
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Fig. 4.83 Testicular follicular lymphoma in a 6-year-old boy. A proliferation of small, poorly delineated lymphoid follicles 


mantles and obliterating or distorting 
seminiferous tubules, sometimes associ- 
ated with sclerosis. The lymphomas are 
usually grade 3A or occasionally grade 2 
(on a scale up to grade 3B). Some cases 
show focal diffuse large B-cell lympho- 
ma. Small lymphocytes may be found 
between neoplastic follicles or around 
the periphery of the tumour. Neoplastic 
cells are typically positive for CD20 and 
Bcl6 and negative for Bcl2. CD10 may 
be positive or negative. Small T cells are 
typically present in an interfollicular pat- 
tern {168,1156, 1690, 1734}. The prolifera- 
tion index is high {877,2215}. BCL2 re- 
arrangement is absent. Rearrangement 
of the BCL6 gene was demonstrated in 
one case {877}. In another case, muta- 
tions of BCL6 were found {2215}. 


Prognosis and predictive factors 

The prognosis appears to be excellent 
{168,1690,1923,2114}. The presence of 
focal diffuse large B-cell lymphoma in 
this setting does not seem to confer a 
worse prognosis {1690}. 


Extranodal NK/T-cell 
lymphoma, nasal-type 

ICD-O code 9719/3 
Epidemiology 

Nasal-type extranodal NK/T-cell lym- 


phoma is a rare EBV-positive lymphoma 
affecting adults over a broad age range, 
and preferentially affecting Asians and 
Native Americans {435,1443,1640,2099}. 


SN 


with many interfollicular small lymphocytes replaces much of the testicular parenchyma; residual immature seminiferous 


tubules are present in the right side of the field. 


Tumours of the testis and paratesticular tissue 


Clinical features 

Patients present with unilateral or (rarely) 
bilateral {181} testicular enlargement, 
sometimes with constitutional symptoms. 
Staging shows localized | 181,2099,2640, 
2736} or widespread disease (435, 1644}. 
Some cases represent spread from an 
upper respiratory tract primary {435}. 
Patients have been treated with surgery, 
radiation, and/or chemotherapy, but re- 
sponse is usually poor. Sites of relapse 
include the opposite testis, lymph nodes, 
skin, and central nervous system (181, 
435, 1443, 1644}. 


Macroscopy 

Orchiectomy reveals a solid white or tan 
mass, 3-8 cm in diameter, replacing tes- 
ticular parenchyma. 


Histopathology 

The neoplastic cells are EBV- -positive 
cytotoxic NK or T cells. Cytomorphol- 
ogy and immunophenotype {435,1640, 
1644,2736} are summarized in Table 
4.07 (p. 241). Microscopic examination 
reveals a diffuse (occasionally intersti- 
tial) infiltrate of atypical cells, often with 
coagulative necrosis and admixed ap- 
optotic debris, infiltration of seminiferous 
tubules, and angioinvasion (and some- 
times with extension to the epididymis). 


Prognosis and predictive factors 
Survival is usually < 1 year. 


Plasmacytoma 


Definition 

Plasmacytoma is a malignant neoplasm 
composed of plasma cells. 
ICD-O code 9734/3 
Epidemiology 

Testicular plasmacytomas are rare, and 
epididymal plasmacytomas are even 
less common {861,1916}. They mainly af- 
fect adult men who have, or subsequent- 
ly develop, plasma cell myeloma. 


Clinical features 

At presentation, involvement is usually 
unilateral {861,2358,2762} but occasion- 
ally bilateral {1916}. Relapse in the op- 
Posite testis or epididymis may occur in 
addition to involvement of bone and bone 
Marrow {861}. 


Fig. 4.84 Testicular plasmacytoma, H&E sialing shows 
sheets of plasma cells with abundant eccentrically 
placed pink cytoplasm surrounding and invading the 
seminiferous tubules. 


Histopathology 

The neoplastic cells grow in a diffuse 
obliterative or intertubular pattern, some- 
times with invasion of seminiferous tu- 
bules {861,2358,2762,2798}. Plasma 
cells range from small and mature to 
large and atypical, with prominent nu- 
cleoli. The immunophenotype is similar 
to that of plasma cell neoplasms in other 
sites (see Table 4.07, p. 241) {861,1916, 
2762, 2798}. 


Prognosis and predictive factors 

The prognosis is relatively poor, being 
similar to that for other myeloma patients 
with widespread disease {861}. 


Myeloid sarcoma 


Definition 

Myeloid sarcoma is a mass-forming neo- 
plasm composed of primitive cells of my- 
eloid or monocytic lineage. 
ICD-O code 9930/3 
Synonyms 

Granulocytic sarcoma; monocytic sar- 
coma; extramedullary myeloid tumour; 
chloroma 


Clinical features 

The testis is rarely involved by myeloid 
sarcoma, but this may develop in a patient 
with a history of acute myeloid leukaemia, 
myelodysplasia, or another myeloid neo- 
plasm involving the bone marrow. Rarely, 
myeloid sarcoma is the first manifestation 
of acute myeloid leukaemia. Even less 
often, it occurs in isolation, without as- 
sociated bone marrow disease {860,896, 
2796}. Patients present with unilateral or 
(less often) bilateral testicular masses. 
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Fig. 4.85 Testicular myeloid sarcoma. H&E staining 
shows primitive discohesive cells with oval nuclei, 
prominent nucleoli, and scant pale-pink cytoplasm, 
adjacent to a tubule; the patient was found to have acute 
myeloid leukaemia 1 month later. 


The prognosis depends on that of the as- 
sociated acute myeloid leukaemia. 


Histopathology 

Microscopic examination reveals neo- 
plastic cells with a diffuse and intertu- 
bular pattern of involvement, sometimes 
with prominent sclerosis. The cytomor- 
phology and immunophenotype are the 
same as those of acute myeloid leukae- 
mia and myeloid sarcoma in other sites 
(860,896, 1250,2796} and summarized in 
Table 4,07 (p. 241). 


Rosai—Dorfman disease 


Definition 

Rosai-Dorfman disease is an uncommon 
disorder of unknown etiology, character- 
ized by a proliferation of histiocytes with 
emperipolesis. 


Synonym 
Sinus histiocytosis with massive 
lymphadenopathy 


Epidemiology 
Rosai-Dorfman disease rarely involves 
the testis. Patients with testicular Ro- 
sai-Dorfman disease are mostly middle- 
aged or older men, although children are 
rarely affected. 


Clinical features 

Patients present with testicular enlarge- 
ment, which is usually bilateral. One case 
of epididymal involvement has been de- 
scribed {675}. Rosai-Dorfman disease 
may be isolated to the testes, but in most 
cases, lymph nodes and other extranod- 
al sites are involved. 
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Macroscopy 

The lesions are firm and greyish tan, 
greyish white, or yellow They may Te 
place part or nearly all of the testis {675). 


Histopathology l 
The Chea are composed ofa prolifera- 
tion of large S100-positive histiocytes with 
large nuclei, vesicular chromatin, distinct 
nucleoli, and abundant, finely vacuolated 


or granular pale-pink cytoplasm with em- 
peripolesis of leukocytes. The histiocytes 
are present in a background of small lym- 
phocytes, plasma cells, and lymphoid 
follicles {675,2351 ,2352,2902}. 


Prognosis and predictive factors 

The limited information available sug- 
gests that disease tends to persist, but 
may not progress {675}. 


Tumours of collecting duct and 


rete testis 


Adenoma 


Definition 

Adenoma is a benign tumour of rete epi- 
thelium that spans a spectrum from close- 
ly packed tubules (adenoma) to tumours 
with a conspicuous cystic Component 
(cystadenoma), papillary architecture 
(papillary cystadenoma), a fibromatous 
stromal component (adenofibroma), or 
solid tubules resembling a Sertoli cell tu- 
mour (sertoliform cystadenoma) {76}. 
ICD-O code 8140/0 
Clinical features 

These neoplasms are rare and occur in 
patients in their second to eighth dec- 
ade of life, who present with palpable 
masses. 


Localization 
These tumours are centred in the testicu- 
lar hilum. 


Macroscopy 

The tumours are solid to cystic, well-cir- 
cumscribed masses centred in the hilum 
of the testis. 


Histopathology 

The neoplasms form variably prominent 
tubules, papillae, and cysts, sometimes 
with a conspicuous fibrous stroma. The 
lining cells are cuboidal to columnar and 
occasionally stratified, but lack mitotic 
figures and atypia. Transition from normal 
rete epithelium is helpful in supporting 
the diagnosis but is often not apparent. 
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Sertoliform variants are intracystic within 
dilated rete channels and have solid ar- 
chitecture composed of closely packed, 
often solid tubules lined by cells with 
abundant pale cytoplasm and basal nu- 
clei with variably prominent nucleoli. The 
sertoliform tumours may express sex 
cord-stromal markers (inhibin, calretinin, 
and SOX9), compounding the resem- 
blance to Sertoli cell tumours {1883}. 


Prognosis and predictive factors 
These neoplasms are benign. 


Fig. 4.86 Sertoliform cystadenoma of rete testis. A Lo 


w-power view of expansile tumour growth along the native 
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Adenocarcinoma 


Definition 

Carcinoma is a malignant gland-forming 
tumour of rete epithelium in which the 
following criteria are fulfilled: (1) the tu- 
mours are centred in the hilum of the tes- 
tis; (2) histologically similar extrascrotal 
tumour is absent; (3) the morphology is 
incompatible with any other testicular or 
paratesticular tumour; and (4) other pos- 
sibilities, particularly malignant mesothe- 
lioma and papillary serous carcinoma, 
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rete epithelium. B Tumour resembling a Sertoli cell tumour with a growth pattern of hollow and solid tubules. C The 
same case shown in panel B; tumour resembling a Sertoli cell tumour with a growth pattern of elongated, solid tubules. 
D Tumour demonstrates inhibin positivity. A, C, and D reprinted from Amin {76}. 
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Fig. 4.87 Carcinoma of the rete testis, A Tüffour nadulas within and between tubiles of rete testis. B Invasive aren tubulopapillary and glandular growth patterns. C Tumour 
involving the rete testis with solid proliferation punctuated by glandular lumina. D Elongated and compressed branching tubules (a retiform pattern). C and D reprinted from Amin {76}. 


have been immunohistochemically ex- 
cluded {76}. 
ICD-O code 8140/3 
Epidemiology 

The tumour occurs predominantly in 
adults, although ‘a wide range of patient 
ages, from the first to the ninth decade of 
life, has been reported {2786}. There are 
no known epidemiological associations. 


Clinical features 

Most patients present with a mass, but 
some may have pain or a hydrocoele. 
Spread to scrotal skin may be a present- 
ing feature, as may (less commonly) dis- 
tant metastases. These tumours typically 
spread locally and metastasize to para- 
aortic and iliac lymph nodes. Less com- 
monly, they can metastasize distantly to 
the lungs, liver, and bone. 


Localization 
These tumours are centred in the testicu- 
lar hilum. 


Macroscopy 

By definition, these tumours are centred 
in the testicular hilum and are typically 
large; satellite nodules extend into the 
spermatic cord in a third of cases. Tu- 
mours as large as 12 cm, varying from 
predominantly solid to conspicuously 
cystic, have been reported {3012}. 


Histopathology 

The full range of architectures associat- 
ed with adenocarcinomas may be seen, 
including tubuloglandular structures 
(typical), elongated and compressed 
branching tubules (retiform), solid tubu- 
lar pattern (sertoliform), papillary pattern, 
solid pattern with tiny slit-like channels 
(kaposiform), and biphasic pattern with 
spindle cell histology (Sarcomatoid). The 
cells are cuboidal to columnar, with eo- 
sinophilic cytoplasm, nuclear stratifica- 
tion, and moderate to severe atypia. A 
prominent intracystic component may 
be evident. Necrosis, infiltrative growth, 
and desmoplasia are common. Transi- 
tion from benign rete testis epithelium 


to atypical epithelium to carcinoma sup- 
ports primary rete origin, but such tran- 
sition is often not apparent, and it may 
be mimicked by metastatic carcinomas 
that undermine the rete epithelium. Other 
malignant tumours occurring at this site, 
including malignant mesothelioma, ovar- 
ian-type carcinoma, metastatic adeno- 
carcinoma, epididymal carcinoma, and 
malignant Sertoli cell tumour, must be 
ruled out {76). Adenocarcinoma-related 
markers (i.e. Leu-M1 and carcinoem- 
bryonic antigen) are positive. Markers 
associated with mesothelioma, papillary 
serous carcinoma, and other lineage 
associations (lung, colorectal, etc.) are 
negative. There are no specific lineage- 
associated (rete epithelium) markers 
{1609, 1661}. 


Prognosis and predictive factors 

The tumours have a poor prognosis, with 
an overall 5-year survival rate of about 
15% {2407}. Initial size > 5 cm is a poor 
prognostic finding {2407}. 
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Tumours of paratesticular structures 


Adenomatoid tumour 


` Definition 
Adenomatoid tumour is a benign meso- 
thelial neoplasm that typically has a nest- 
ed, tubular, or cord-like pattern of growth. 
ICD-O code 9054/0 
Epidemiology 
Adenomatoid tumour is the most com- 
mon neoplasm of the paratesticular re- 
gion, accounting for approximately one 
third of all tumours and 60% of all benign 
tumours. It occurs across a wide patient 
age range, but is most common in the 
fourth decade of life, with a mean patient 
age of 36 years {1962}. 


‘Etiology 

There are no documented predisposing 
factors, and no known association with 
asbestos exposure. 


Clinical features 


Signs and symptoms 

Most patients present with a mass, but 
some cases are discovered incidentally 
on routine testicular examination or by 
imaging for other purposes. Rarely, as- 
sociated torsion may lead to presentation 
due to pain {2544}. 


/maging 

Ultrasound is the most common mode of 
evaluation. Adenomatoid tumours are of- 
ten identified within the epididymis as a 
well-circumscribed mass with a smooth 
contour {2147}. Their ultrasonographic 
appearance is variable, but most are de- 
scribed as isoechoic and homogeneous. 
A cystic component is occasionally re- 
ported. Determining an extratesticular lo- 
cation is important. If a mass is localized 
to the epididymis, adenomatoid tumour 
is the most likely diagnosis. Some cases 
do arise in the spermatic cord, tunica 
albuginea, or tunica vaginalis. Tumours 
of the tunica may have an intratesticu- 
lar component that is indistinguishable 
from a germ cell tumour by imaging. On 
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T2-weighted MRI, there is a low-intensity 
signal compared with normal testicular 
parenchyma {2147}. Slow or decreased 
enhancement with contrast is typical. 


Localization 

The tail of the epididymis is the most com- 
mon site of occurrence, but adenomatoid 
tumour may occur anywhere within the 
epididymis. Less common sites include 
the spermatic cord, tunica albuginea, 
and tunica vaginalis. 


Macroscopy 

These tumours are most commonly 
based in the epididymis and are well cir- 
cumscribed, with a homogeneous white 
or tan bulging surface. They are typically 
< 2 cm, but tumours as large as 5 cm 
have been reported. 


Histopathology 

Adenomatoid tumour is typically charac- 
terized by a minimally infiltrative prolifera- 
tion of gland-like or vascular-like spaces 
lined by an attenuated layer of neoplastic 
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Fig. 4.89 Adenomatoid tumour. A Classic histology with elongated tubular and microcystic gland-like space 
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Fig. 4.88 Paratesticular adenomatoid tumour. Forming 
a well-circumscribed bulging greyish-tan nodule adjacent 
to epididymal tissue. 


cells that frequently form thin, bridging 
strands across the lumen (2415,2890). 
Some cases have more prominent epi- 
thelioid neoplastic cells that may grow in 
chains or solid clusters, sometimes with 
abundant granular eosinophilic cyto- 
plasm. Single cells with intracytoplasmic 
vacuolization may also be seen. Admixed 
lymphoid aggregates are commonly pre- 
sent, and the associated collagenous 
stroma is often hyalinized, but admixed 
smooth muscle may also be present. 


ee: 
s lined 
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by flattened or vacuolated mesothelial cells with focal bridging strands. B Epithelioid adenomatoid tumour with a 
more solid pattern and signet ring-like vacuoles. C Tumour extending into the testis with extensive infarction and 
characteristic peripheral lymphoid aggregates. D Remarkable reactive atypia and occasional mitotic figures in infarcted 


tumour. 


Tumours of the testis and paratesticular tissue 
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Infarcted adenomatoid tumours may 
show worrisome regenerative features, 
with mitotic figures, and hence may be 
at risk of misdiagnosis as malignant neo- 
plasms, particularly in cases with partial 
intratesticular localization {2544}. 


Immunophenotype 
The neoplastic cells of adenomatoid tu- 
mour stain with pancytokeratin, CK7, 
` and markers typical of mesothelial origin, 
including calretinin, WT1, HBME1, and 
podoplanin. CK5/6 and caldesmon show 
less-frequent immunoreactivity {680, 
2415}. Some epithelial markers (BerEP4, 
carcinoembryonic antigen, and B72.3) 
and endothelial markers (CD31 and 
CD34) are typically negative {680,2415, 
2890}. 


Mesothelioma 


Definition 

Mesotheliomas are malignant tumours of 
mesothelial origin arising from the tunica 
vaginalis, which forms a double layer of 
‘mesothelium that lines the outer surface 


Fig. 4.90 Malignant mesothelioma. The white tumour 
is wrapped around the tan testicular parenchyma, with 
Many areas of invasion. 


of the tunica albuginea and the inner lay- 
er of the scrotum. 


ICD-O codes 

Mesothelioma 9050/3 

Well-differentiated papillary 
mesothelioma 9052/0 


Epidemiology 

This is a rare tumour. It tends to oc- 
cur at an older age than do germ cell 
tumours, with a mean patient age of 
60 years {2182}; however, childhood 
cases have been pikes ae with 
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Fig. 4.91 Malignant mesothelioma. Solid "tae of 
epithelioid mesothelioma invading the testis. 


one presenting in a patient only 6 years 
of age {1418}. 


Etiology 

Mesotheliomas at other sites are strongly 
associated with both asbestos exposure 
and smoking (acting synergistically); 
however, with mesothelioma of the tunica 
vaginalis, these associations are more 
variable and only sporadically mentioned 
in case reports {887, 1309}. Overall, a his- 
tory of asbestos exposure is found in only 
30-40% of cases {270}: however, one se- 
ries in which detailed histories were taken 
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Fig. 4.92 Malignant mesothelioma. A Well-differentiated papillary mesoihalidina. A paediatric case showing papillary cores a fibrovascular issue covered by bland mesothelium 
arising from the tunica vaginalis. B High-power view of a biphasic tumour with central epithelioid foci merging into surrounding sarcomatoid areas. C Epithelioid and papillary tumour 
wrapping around the vas deferens. D Epithelioid and partially papillary mesothelioma invading the epididymis. 


Tumours of paratesticular structures 247 


ps = f 


revealed that 67% of the patients had a 
history of asbestos exposure {1869}. 


Clinical features 

Some patients present with palpable 
masses or a hydrocoele, but other cases 
are discovered incidentally as part of a 
hernia repair 


Localization 

The tumours arise in and are intimately as- 
sociated with the tunica vaginalis, wrap- 
ping around the testicular parenchyma. 


Macroscopy 

The appearance is often unmistakable, 
with gross thickening of the tunica vagi- 
nalis forming white or tan, solid or pap- 
illary, focally haemorrhagic masses en- 
veloping and surrounding the testicular 
parenchyma and associated with fluid in 
a hydrocoele sac. There is often invasion 
into the testicular parenchyma. 


Histopathology 

Mesotheliomas may show several histo- 
logical patterns. Those of the tunica vagi- 
nalis tend to be epithelioid, with papillary 
or tubulopapillary architecture. The cells 
may be bland and resemble normal mes- 
othelium or may show striking pleomor- 
phism, with mitoses and prominent nucle- 
oli. Occasionally it is possible to identify 
an in situ element with atypical but non- 
invasive mesothelial cells lining part of 
the tunica vaginalis. Psammoma bodies 
may be seen but are less frequent than in 
Mullerian serous tumours of the testicular 
appendages. Only 25% of tumours show 
a mixed epithelioid and sarcomatoid pat- 
tern {470,1335}. Although almost pure 


spindle cell patterns may occur {2512}, 
a purely sarcomatoid variant appears to 


be extremely rare {1869}. Squamous dif- 
ferentiation has been reported in epithe- 
lioid mesothelioma {1948}. Heterologous 
differentiation of the spindled component 
to bone and cartilage has been reported 
{2435}. 

Immunochemistry shows findings similar 
to those of pleural mesotheliomas, with 
diffuse positivity for calretinin, epithe- 
lial membrane antigen, thrombomodulin, 
and CK7, and negativity for CK20 and 
carcinoembryonic antigen. There may 
be weak focal BerEP4 positivity. CK5/6 
staining may be patchy in some tumours 
(2971). The mesothelioma cells’ ultra- 
structure shows elongated microvilli simi- 
lar to those of their pleural and peritoneal 
counterparts {18,250}. 


Well-differentiated papillary 
mesothelioma 

The well-differentiated papillary variant of 
mesothelioma of the testis and parates- 
ticular tissue is morphologically similar to 
the lesion seen in the abdominal cavity 
(particularly in women). When this lesion 
occurs in the testis, men present with re- 
current hydrocoele and have only rarely 
been found to have a history of asbes- 
tos exposure {373}. The tumour consists 
of bland papillae and tubules in a single 
focus that are lined by a single layer of 
cuboidal to flattened, bland mesothelial 
cells with little mitotic activity and no stro- 
mal invasion. There may be progression 
to malignant mesothelioma if the lesions 
are not completely excised. The literature 
only contains case reports and one small 
series {846}, which also included tumours 
with more complex patterns of pathology 
but no invasive features. It has been sug- 
gested that such cases are borderline 
neoplasms between well-differentiated 


papillary mesothelioma and malignant 
mesothelioma {346,2744}. We believe 
that any evidence of stromal invasion js 
sufficient for classification into the ma- 
lignant mesothelioma category. It is not 
uncommon for frankly invasive malignant 
mesotheliomas to have aspects that are 
indistinguishable from well-differentiated 
papillary mesothelioma, making the di- 
agnosis of well-differentiated papillary 
mesothelioma one of exclusion following 
complete examination of a totally excised 
tumour. 


Prognosis and predictive factors 
Recurrences of invasive mesotheliomas 
tend to occur within 1-2 years of follow- 
up. The tumour may recur locally or in the 
surgical scar or cord. Metastases may be 
to the retroperitoneal or inguinal nodes 
but also to distant sites such as the brain, 
lung, and bone {1821,2136}. Synchro- 
nous bilateral tumours of the tunica vagi- 
nalis {2177} and multiple tumours in the 
abdominal cavity and pleura have been 
reported {146}. Retroperitoneal lymph 
node dissection {2549}, chemotherapy, 
and radiotherapy have been used for 
treatment, generally with disappointing 
results (1098,2225]. 


Epididymal tumours 


Cystadenoma 

Definition 

Cystadenoma is a benign epithelial tu- 
mour in the epididymal ducts. 


ICD-O code 


8440/0 


aV = l i 
Fig. 4.93 Cystadenoma of the epididymis. A ETONE not associated with von sn Hippel- Lindau syndrome showing slender papillae lined by columnar cells and absence of clear 


cell morphology. B High-power view of papillary cystadenoma not associated with von Hippel-Lindau syndrome with papillae lined by cytologically bland columnar cells. 
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Tumours of the testis and paratesticular tissue 
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Clinical features and macroscopy 
See Papillary cystadenoma, below. 


Localization 
The tumour is centred in the epididymis. 


Histopathology 

Most cystadenomas show features of the 
papillary type, which may be associated 
with von Hippel-Lindau syndrome. These 
‘tumours are described as a separate 
variant below. There are also less com- 
mon forms of cystadenoma. Although 
these may also be papillary, they lack the 
cuboidal, clear cell morphology of the 
classic papillary cystadenoma and may 
be composed mostly of tall, columnar 
cells similar to those occurring in the rete 
and described elsewhere {1332,2780, 
2787}. 


Prognosis and predictive factors 
Cystadenoma is benign and treated by 
local excision. 


Papillary cystadenoma 


Definition 

Papillary cystadenoma is a benign pap- 
illary epithelial tumour in the epididymal 
ducts. 
ICD-O code 8450/0 
Etiology 

Papillary cystadenoma of the epididymis 
is an uncommon epithelial tumour that 
may be associated with von Hippel-Lin- 
dau syndrome but is more commonly 
sporadic {2057}. 


Clinical features 
The mean patient age at presentation is 
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Fig, 4.94 Papillary cystadenoma of the epididymis. High- 
power view showing bland dense nuclei, which are often 
apical (reverse polarity), with clear basal cytoplasm. 


35 years, ranging from 16 to 76 years. 
The tumour is often discovered inciden- 
tally, with symptomatic lesions present- 
ing as slowly evolving painless scrotal 
swellings. Unilateral cases are more 
common, and in most of these, there is 
no association with von Hippel—Lindau 
syndrome. In contrast, bilateral papillary 
cystadenoma usually occurs in patients 
with a previously established diagnosis 
of von Hippel—Lindau syndrome. Accord- 
ing to one review, unilateral lesions have 
never been the only presenting feature of 
von Hippel-Lindau syndrome {2057}. 


Localization 
The tumour is centred in the epididymis. 


Macroscopy 

Papillary cystadenoma usually arises in 
the head of the epididymis; tumours with 
similar morphology have been reported 
in the female genital tract, involving the 
broad ligament. Lesions are on average 
about 2 cm in size, ranging from 0.5 to 
8 cm. Grossly, they are tan-yellow, well 
circumscribed, and variably cystic. 


Histopathology 
Microscopically, the lesions are com- 


od 


Fig. 4.95 Papillary cystadenoma of the epididymis. A Low-power view showing papillary architecture. B Isl 


Tumours of paratesticular structures 


posed of cystic structures thal tocally 
contain papillary fibrovascular cores lined 
by cuboidal to columnar bland-looking 
cells with clear cytoplasm. Tubules that 
focally have elongated profiles are also 
frequent, and many contain eosinophilic, 
colloid-like secretion Reverse polarity, 
wherein the nuclei are oriented towards 
the luminal surface with subnuclear vac- 
uoles, is present focally in many cases. 
Features associated with malignancy, 
such as mitotic figures, nuclear pleamor- 
phism, and necrosis, are not identified. 
The features of papillary cystadenoma 
are identical to those seen in clear cell 
papillary renal cell carcinoma (PRCC) 
{584}. In parallel with their morphological 
similarities, papillary cystadenoma and 
clear cell PRCC have an identical immu- 
nohistochemical profile. In the majority of 
cases, both lesions show positive stain- 
ing for CK7, carbonic anhydrase IX, and 
PAX8, and negative staining for renal cell 
carcinoma antigen and AMACR {584}. 
Carbonic anhydrase IX even shows the 
cup-like membranous immunoreactiv- 
ity with absent luminal staining in papil- 
lary cystadenoma, identical to that seen 
in clear cell PRCC. Because clear cell 
PRCC has not, to date, exhibited meta- 
static behaviour, its distinction from pap- 
illary cystadenoma in the epididymis is 
not an issue. 


Genetic profile 

The tumour is associated with von Hip- 
pel-Lindau syndrome, but is more com- 
monly sporadic {2057}. 


Genetic susceptibility 

LOH for the 3p25-26 locus has been 
identified within papillary cystadeno- 
mas involving the epididymis {2057}. In 
addition, a case of sporadic papillary 
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cystadenoma of the epididymis has 
shown VHL mutations {980}. In situ 
hybridization for vascular endothelial 
growth factor MRNA within papillary cyst- 
adenoma found high levels within the tu- 
mour cells {1633}. 


Prognosis and predictive factors 

With very rare exceptions, clear cell pap- 
illary cystadenoma is benign and treated 
by local excision. There are rare cases 
of papillary cystadenocarcinoma of the 
epididymis composed of either solid or 
cystic papillary or tubular tumour lined 
by cuboidal or columnar cells with atypi- 
cal nuclei and occasional mitotic figures 
{1543,3044}. The reported examples of 
lesions were locally invasive and in one 
case metastasized to the para-ureteral 
region. We have seen a case of clas- 
sic benign papillary cystadenoma of the 
epididymis associated with metastatic 
clear cell carcinoma to retroperitoneal 
lymph nodes. Both tumours were PAX8- 
positive, with some areas of the metas- 
tasis resembling papillary cystadenoma 
and other areas more akin to clear cell re- 
nal cell carcinoma. The kidneys showed 
no radiographical evidence of tumour 
and the patient lacked stigmata of von 
Hippel-Lindau syndrome. We have 
also seen one case of a papillary cyst- 
adenoma of the epididymis with areas 
showing dedifferentiation to high-grade 
carcinoma. 


Adenocarcinoma 


Definition 

Adenocarcinoma is a malignant epithe- 
lial neoplasm showing a variable degree 
of gland formation that arises within the 
epididymis. 
ICD-O code 8140/3 
Synonyms 

Papillary adenocarcinoma; cystadenocar- 
cinoma; papillary cystadenocarcinoma 


Clinical features 

Primary adenocarcinoma of the 
epididymis is very rare, and many of the 
cases reported in the literature, particu- 
larly in the pre-immunohistochemistry era, 
are likely metastases to the epididymis 
from other sites, adenomatoid tumours, 
or mesotheliomas. Furthermore, although 
tumours of ovarian epithelial-type, 
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cells with clear cytoplasm. 


including Mullerian-type clear cell ad- 
enocarcinomas, may originate in the 
epididymis, these are not considered in 
this section, but within the separate sec- 
tions covering those entities. 

Patient age ranges from the third to the 
ninth decade of life. Patients present with 
a localized mass, often associated with a 
hydrocoele. Spread is initially local and 
to retroperitoneal lymph nodes. 


Localization 

The tumour is centred in the epididymis 
but commonly involves adjacent struc- 
tures, including the tunica vaginalis, tes- 
tis, and spermatic cord. 


Macroscopy 

The tumours vary from solid to cystic and 
are usually greyish white to tan-yellow, 
sometimes having necrotic foci. They are 
centred in the epididymis but may also 
involve adjacent structures. 


Histopathology 

Papillary, tubular, tubulopapillary, and 
cystic-predominant morphologies may 
occur {1336,1543,2395,2912}. Some 
tumours have a clear cell appearance 
where glycogen-rich cuboidal to colum- 
nar cells line tubules and tubulopapil- 
lary structures {446,1336, 1543}. Infiltrat- 
ing acini in a desmoplastic stroma may 
also occur {944}. Immunohistochemical 
studies are positive for pancytokeratins 
and epithelial membrane antigen, and 
negative for prostate-specific antigen 


Tumours of the testis and paratesticular tissue 


Fig. 4.96 Epididymal adenocarcinoma. The tumour forms villous and glandular structures and has a predominance of 


and mesothelial markers. The differen- 
tial diagnosis includes metastatic ad- 
enocarcinoma of prostate, colorectum, 
pancreas, and other sites, as well as ma- 
lignant mesothelioma. Tumour at other 
sites is useful in the differential diagnosis 
with metastatic adenocarcinoma, as are 
lineage-specific —immunohistochemical 
studies. 


Prognosis and predictive factors 

Due to the rarity of this tumour, progno- 
sis cannot be meaningfully assessed, 
although some cases have resulted in 
progressive disease and death. Wide 
surgical excision coupled with retro- 
peritoneal lymph node dissection in ear- 
ly-stage disease may improve the out- 
come {446}. 


Squamous cell carcinoma 


ICD-O code 8070/3 
Squamous cell carcinoma rarely occurs 
as a primary tumour of the paratestis; to 
the best of our knowledge, there is only 
one well-documented case {364}, which 
involved the epididymis and chronic hy- 
drocoele in an 86-year-old man. The hy- 
drocoele lining showed both squamous 
metaplasia and dysplasia, supporting 
the origin of the tumour at that site. The 
features were similar to squamous cell 
carcinoma elsewhere. 
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Melanotic 
neuroectodermal tumour 


Definition 

Melanotic neuroectodermal tumour is a 
melanin-containing tumour with variable 
proportions of two cell types in a cellular 
fibrous stroma. 
_ICD-O code 9363/0 
Synonyms 

Retinal anlage tumour; melanotic pro- 
gonoma; melanotic hamartoma 


Epidemiology 

Most tumours occur in infancy, in the 
head and neck; < 5% occur in the tes- 
ticular appendages, where only 24 cases 
have been described. Most were in in- 
fants < 1 year of age, the oldest patient 
being 8 years old {2784}. 


Etiology 

This tumour is of presumed neural crest 
origin and shows neuroblastic and reti- 
nal-like epithelial differentiation that re- 
sembles the retinal pigmented epithelium 
and recapitulates the retina at 5 weeks of 
gestation, before photoreceptors differ- 
entiate {2201}. The etiology is unknown. 


Clinical features i 

Patients present with a fast-growing, 
painless, well-circumscribed scrotal 
mass, with a slight right-sided predomi- 
nance {661,702,1469,2722}. Ipsilateral 
hydrocoele may occur {2137}. Serum 
levels of catecholamine metabolites may 
be elevated {2201}. 


Localization 
Melanotic neuroectodermal tumour oc- 
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curs in the epididymis and paratesticular 
region. 


Macroscopy 

Paratesticular tumours range in size from 
12 to 40 mm; the cut surface is firm, 
smooth, and white, but may display blu- 
ish-black or grey pigmentation. 


Histopathology 

The tumour is characterized by two cell 
types. Small neuroblastic-type round 
blue cells tend to grow in nests or non- 
cohesive sheets, but may diffusely infil- 
trate adjacent soft tissues, epididymis, 
and rete testis. Larger, cuboidal epi- 
thelioid cells may surround nests of 
neuroblast-like cells or line tubular or 
pseudoalveolar spaces. Nests of tumour 
cells are separated by abundant dense 
collagenous stroma. The epithelioid 
cells have moderately abundant eosino- 
philic cytoplasm, vesicular nuclei, and 
prominent nucleoli, and contain large (1- 
2.5 um) cigar-shaped melanin granules 
{2532}. The elongated melanin granules 
in epithelioid cells are similar to those in 
non-neoplastic retinal pigment epithe- 
lium {2201}, which normally envelopes 
photoreceptor cells, playing a critical role 
in their development and function {1215}. 
These two cell populations may be rec- 
ognized in aspirated hydrocoele fluid 
{2137}. Rare mitotic figures may be seen 
in the neuroblastic cells. Lymphovascu- 
lar invasion may be present; necrosis is 
not characteristic. 

By immunohistochemistry, the larger epi- 
thelioid cells are positive for cytokeratin, 
neuron-specific enolase, vimentin, and 
HMB45. The small neuroblastic cells are 
positive for neuron-specific enolase, syn- 
aptophysin, and CD56. Immunoreactivity 
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for dopamine -hydroxylase microtubule 
associated protein, desrnin Myl4, glial 
fibrillary acidic: protein, enithehal mern- 
brane antigen, neurolilamenis, S100 pro 
tein, a-fetoprotein, and CD57 has also 
been reported 11563,2201}. In contrast 
to the membranols immunoreactivity 
for CD99 observed in Ewing sarcoma. 
these tumours may exhibit cytoplasmic 
Immunoreactivity for this marker {2294} 
Expression of the cell cycle proteins 
MDM2, p53, PCNA, cyclin D1, and cy- 
clin A in both cell populations does not 
seem to be of prognostic value {658}. No 
immunoreactivity has been observed for 
retinol-binding protein {2201}. Therefore, 
these tumours display features of retinal 
pigment epithelial-like and neuroblas- 
tic differentiation. On electron micros- 
copy, the epithelioid cells display pre- 
melanosomes, mature melanosomes, 
desmosomes, and tonofilaments; the 
small cells display dendritic processes, 
cytoplasmic vesicles, microtubules, 
membrane-bound dense-core secretory 
granules, and microfilaments {2201}. The 
differential diagnosis depends on the 
predominant cell type, and includes neu- 
roblastoma, desmoplastic small round 
cell tumour, Ewing sarcoma, rhabdomyo- 
sarcoma, and lymphoma {25,2784}. 


Genetic profile 

The molecular biology of paratesticular 
tumours has not been studied. In head 
and neck cases, aneuploidy is observed 
by flow cytometry in some cases {1382, 
2201}. Three head and neck cases 
studied were negative for MYCN gene 
amplification, deletion of chromosome 
tp, t(11;22)(q24:q12), and t(11;22) 
(p13;q12); therefore, it appears that this 
tumour lacks the genetic abnormalities 
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of paratesticular 


seen in neuroblastoma, Ewing sarcoma, 
and desmoplastic small round cell tu- 
mour (1422) However, comparative 
genomic hybridization and multiplex liga- 
tion~dependent probe amplification stud- 
ies of one mandibular case showed LOH 
of chromosome 1p and gain of chromo- 
some 7q, arialogous to changes seen In 
neuroblaslomas [2028}. Establishment of 
_ cell lines from a mandibular tumour may 
help investigate the molecular and ge- 
netic basis of these tumours {1881}. 


Prognosis and predictive factors 

Most of these tumours pursue a benign 
course. Recurrence due to incomplete re- 
section occurs in 10-15% of cases, and 
metastases are observed in 3% {1563}, 
The treatment of choice for paratesticular 
tumours is wide local excision, usually 
accompanied by orchiectomy. Response 
to adjuvant therapy in maxillary tumours 
with malignant behaviour has been incon- 
sistent {2294}. When metastases occur, 
they consist predominantly of the neuro- 
blastic component. There is no correla- 
tion between prognosis and histological 
features, ploidy, or anatomical site. One 
malignant case in the epididymis of a 
5-month-old infant metastasized to ingui- 
nal and retroperitoneal nodes; the patient 
was alive and well 4 years after lymphad- 
enectomy and had na adjuvant therapy 
{1331}. Another paratesticular tumour, 
in a 17-month-old boy, metastasized to 
retroperitoneal nodes; the patient re- 
ceived adjuvant chemotherapy and was 
in remission 2 years after surgery {661}. 
One intracranial tumour disseminated via 
ventriculoperitoneal shunt and was diag- 
nosed in an inguinal hernia sac {3026}. 


Nephroblastoma 


Definition 

Nephroblastoma is a malignant embryo- 
nal neoplasm derived from nephrogenic 
blastemal cells. It recapitulates the de- 
velopment of the kidney and may show 
divergent differentiation. 
ICD-O code 8960/3 
Synonym 

Wilms tumour 


Epidemiology 

Reported patient ages range from 2 months 
to 9 years, with a median age of 14 months. 
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Furnours of the testis and parate 


Etiology 

The etiology is unknown, but these neo- 
plasms likely share genetic changes with 
renal nephroblastomas. Their origin is 
from tissues interpreted as ectopic im- 
mature renal tissue in the epididymis 
{1008} and, in association with inguinal 
hernia and undescended testes, in the 
inguinal canal and gubernaculum {738, 
1287,2516}. These have been variably 
designated as mesonephric remnants, 
hamartoma with primitive renal tissue, 
extrarenal and heterotopic nephrogenic 
rests, extrarenal nephrogenic blastema, 
and extrarenal nephroblastomatosis. 
Their morphological spectrum is prob- 
ably similar to that of their counterparts in 
the kidney {217}. Not uncommonly, they 
are recognized at the periphery of these 
tumours, where they support primary 
paratesticular origin {2784}. 


Clinical features 

Asymptomatic patients present with an 
inguinoscrotal mass; the diagnosis is not 
suspected preoperatively 


Localization 

These tumours have been observed in 
the inguinal canal, along the spermatic 
cord {849}, intrascrotal adjacent to tes- 
tis and epididymis {3004}, and adjacent 
to and invading an undescended testis 
{1945}. 


Macroscopy 
The size of inguinoscrotal tumours has 
ranged from 2.5 to 11 cm; small tumours 
are well defined, and larger tumours may 
be infiltrative 


Histopathology 

The morphological features of tumours in 
this location are identical to those of renal 
nephroblastomas (see Chapter 1, p. 49). 
Teratoid features may also be present in 
nephroblastoma; the absence of organi- 
zation of the heterologous elements into 
organoid structures distinguishes these 
tumours from teratomas with nephro- 
genic differentiation {2567}. Like nephro- 
blastoma of the kidney, inguinoscrotal tu- 
mours are positive for CD56 and WT1. It 
is critical to differentiate nephroblastoma 
from nephrogenic embryonic remnants. 
The criteria for the latter include small 
size, frequently incidental discovery, as- 
sociation with congenital inguinal hernia 
(suggesting a developmental abnormal- 
ity), lobular arrangement, and organoid 


ular tissue 


distribution of blastema surrounding 
cavities lined by hobnail epithelium, remi- 
niscent of mesonephric tissue or nephro- 
genic rests{ 1287) 


Prognosis and predictive factors 

Most cases interpreted as inguinoscrotal 
nephroblastoma have been small and 
non-invasive, and the patients remained 
alive and well after simple excision; these 
tumours occurred in patients younger 
than 3 years of age. Tumours occurring 
in older children may be larger, may be 
locally aggressive, and may metastasize; 
some patients have died despite chemo- 
therapy. The treatment should follow 
guidelines similar to those used for renal 
nephroblastomas {640}. It is likely that 
some cases described as nephroblasto- 
mas in fact represent earlier stages in the 
malignant transformation of embryonic 
remnants; simple excision has been cu- 
rative in many instances. The possibility 
of metastases to the spermatic cord and 
testes from primary renal tumours must 
be excluded before establishing the diag- 
nosis of inguinoscrotal nephroblastoma 
{105,2117}. The distinction of pure ectop- 
ic nephrogenic tissue from the nephro- 
blastomatous component of germ cell 
tumours is important; in one study of 56 
such cases in various anatomical sites, 8 
of 31 cases with associated teratomatous 
components recurred or metastasized, 
whereas only 1 of 25 cases without them 
recurred, and that patient was alive and 
well after simple re-excision {554}, 


Paraganglioma 


ICD-O code 8693/1 
Fewer than 15 cases of spermatic cord 
paraganglioma and only 1 epididymal tu- 
mour have been reported (42,945, 109 1}. 
Tumours occur in patients ranging from 
18 to 70 years of age and vary in size 
from 1.5 to 10 cm; < 20% are functional. 
The histological features are similar to 
those observed in tumours at other sites. 
The prognosis is excellent, without docu- 
mented metastasis even in cases with 
vascular invasion; metastasis remains 
the sole criterion of malignancy, 
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Mesenchymal tumours of the spermatic 
cord and testicular adnexa 


Adipocytic tumours 


Definition 

Lipoma is a benign tumour consisting of 
mature white adipocytes. Liposarcoma is 
a malignant mesenchymal tumour show- 
ing (at least in part) adipocytic differenti- 
ation. There are at least four distinct sub- 
types of liposarcoma, and the diagnosis 
of liposarcoma, NOS, should be avoided. 
For tumours in the paratestis, the term 
“well-differentiated liposarcoma” should 
be used, rather than “atypical lipomatous 
tumour”. 


ICD-O codes 

Lipoma 8850/0 
Well-differentiated liposarcoma 8851/3 
Dedifferentiated liposarcoma 8858/3 
Myxoid liposarcoma 8852/3 
Pleomorphic liposarcoma 8854/3 


Synonyms 

For well-differentiated liposarcoma: atyp- 
ical lipomatous tumour 
For high-grade myxoid 
round cell liposarcoma 


liposarcoma: 


Epidemiology 

Lipoma is the most common paratesticu- 
lar mesenchymal tumour {2791}. Liposar- 
comas are relatively common paratestic- 
ular sarcomas, accounting for 20-56% 
of sarcomas at this anatomical site in 
adults {726,1423,1930}. In most series, 
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well-differentiated liposarcomas are the 
most common subtype, accounting for 
50-60% of cases, although dedifferenti- 
ated liposarcomas may be more com- 
mon in referral centre series (1420, 1934). 
Myxoid, pleomorphic, and fibrosarcoma- 
like spindle cell liposarcomas are very 
rare {728,1420}. 


Clinical features 

Lipomas and liposarcomas present as 
a non-specific paratesticular or inguinal 
mass, sometimes thought to be a hernia. 
Extension through the inguinal canal into 
the retroperitoneum may be present. 


Macroscopy 

Lipomas and well-differentiated liposar- 
comas present as large fatty masses. 
Dedifferentiated and pleomorphic lipo- 
sarcomas appear as fleshy, non-specific 
soft tissue masses, often with necrosis 
and haemorrhage. 


Histopathology 

Lipomas consist entirely of mature adi- 
pocytes. Well-differentiated liposarcoma 
is composed of various proportions of 
mature adipose tissue, irregular fibrous 
bands containing enlarged hyperchro- 
matic stromal cells, and occasional 


lipoblasts. Myxoid change and chronic 
inflammation are often present. Ma- 
ture smooth muscle differentiation may 
(lipoleiomyosarcoma) 


be seen {895}. 


Fig. 4.98 A Dedifferentiated liposarcoma. Note the abrupt tranan from well- differentiated liposarcoma Tower right) to the dedifferentiated component upper left). Bl Well 


differentiated liposarcoma. In this sclerosing area, note the spindle cells with atypical hyperchromatic nuclei. 
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Dedifferentiated liposarcoma arises in 
association with a pre-existing well-differ- 
entialed liposarcoma and typically cori- 
sisis of an undifferentiated pleomorphic 
sarcoma |826,827,1169]. Occasionally, 
dedifferentiated liposarcornas show het- 
erologous differentiation {828}, low-grade 
dedifferentiation resembling low-grade 
fibrosarcoma {1169}, or meningothelial- 
like whorls and metaplastic ossification 
(840,2008}. Rare dedifferentiated lipo- 
sarcomas show areas resembling pleo- 
morphic liposarcoma (homologous lipo- 
blastic differentiation) {295,1787A}. The 
morphological features of myxoid, pleo- 
morphic, and fibrosarcoma-like spindle 
cell liposarcomas are identical to those 
seen in other soft tissue locations. 


Genetic profile 

Well-differentiated and dedifferentiated 
liposarcomas have giant marker and/or 
ring chromosomes containing amplified 
sequences from the 12q14-15 region 
(886,1777}. These sequences contain 
genes including MDM2, CDK4, SAS, 
HMGA2, and CPM {818,886,1748,1777, 
1878,2175,2176}. The genetic features 
of paratesticular myxoid (110,111,594, 
2761}, pleomorphic {1270,1878], and 
fibrosarcoma-like liposarcomas {699} are 
identical to those of their counterparts 
elsewhere. 
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~ Fig. 4.99 Dedifferentiated liposarcoma. The 
dedifferentiated component has high-grade spindle cell 
morphology, in this case also including occasional (so- 
called homologous) multivacuolated lipoblasts. 


Prognosis and predictive factors 
Lipomas are benign tumours requiring 
only excision. Well-differentiated liposar- 
comas often recur, but have no metastat- 
ic potential in the absence of dediffer- 
entiation {2944}, Recurrence (also in the 
retroperitoneum) and/or dedifferentiation 
are common in paratesticular lesions 
{1420,1934}. Dedifferentiated liposar- 
comas have an approximately 15-20% 
risk of distant metastasis and a 10-30% 
5-year mortality rate (549,832,1291, 
1350}. Low-grade myxoid liposarcomas 
have an approximately 20% risk for me- 
tastasis {111,2555}. Tumours containing 
even a 5% round cell component behave 
as high-grade sarcomas {111,878,2555}. 
Pleomorphic liposarcomas have a meta- 
static rate of 30-50% and a survival rate 
of 40-60% {728 ,1232,2072}. 


Smooth muscle tumours 


Definition 

Leiomyoma is a benign neoplasm show- 
ing pure smooth muscle differentiation. 
Leiomyosarcoma is a malignant neo- 
plasm showing pure smooth muscle 
differentiation. 


ICD-O codes 
Leiomyoma 8890/0 
Leiomyosarcoma 8890/3 
Epidemiology 


Leiomyomas are the second most com- 
mon benign mesenchymal neoplasm of 
the paratesticular region (after lipomas), 
with a predilection for the epididymis 
{2345}. Leiomyosarcomas are the sec- 
ond most common paratesticular sar- 
coma (after liposarcomas) of adults and 
most often involve the spermatic cord or 
testicular tunics {880}. 
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Tumours of the testis and paratesticular tissue 


Fig. 4.100 Leiomyo: 


Clinical features 
Patients present with a painless intra- 
scrotal mass. 


Macroscopy 

Leiomyomas are circumscribed, whitish- 
grey, firm nodules, often with a whorled 
cut surface. Leiomyosarcomas show ei- 
ther a fibrous and whorled or fleshy ap- 
pearance, with variable necrosis. 


Histopathology 

Paratesticular leiomyomas are histologi- 
cally similar to well-differentiated smooth 
muscle tumours of other sites. Rare cas- 
es may show a microtrabecular pattern 
or bizarre nuclei {305}, similar to uterine 
leiomyomas. 

Paratesticular leiomyosarcomas are of- 
ten relatively well differentiated and are 
composed of fascicles of spindle cells 
with brightly eosinophilic cytoplasm and 
blunt-ended nuclei. The presence of mi- 
totic activity in conjunction with nuclear 
atypia, infiltrative margins, or necrosis 
distinguishes leiomyosarcoma from leio- 
myoma at this site. Rare paratesticular 
leiomyosarcomas are of pleomorphic, 
myxoid {2373}, epithelioid {880}, inflam- 
matory {1873}, or dedifferentiated {468} 
type. 


/Immunophenotype 

Smooth muscle actin, muscle-specific 
actin, and desmin are usually positive. 
Expression of h-caldesmon is common 
in leiomyomas but more variable in leio- 
myosarcomas. CD34 and cytokeratin are 
positive in a subset of cases {880}. 


Genetic profile 
Leiomyosarcomas show complex karyo- 
types {1776,2911}. Alterations in 7P53, 


Ma ch AE IPE a8 PRAGA Ss 


sarcoma. Low-grade leiomyosarcoma showing focal nuclear atypia and scattered mitoses. 
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RB1, CDKN2A, and PTEN are common 
{974,1404,2187,2626}. 


Prognosis and predictive factors 
Leiomyomas are benign and do not re- 
cur. Histological grade is prognostic for 
paratesticular leiomyosarcomas. Low- 
grade tumours (which predominate) may 
recur locally but have low metastatic po- 
tential, whereas high-grade tumours of- 
ten metastasize and lead to patient death 
{880}. 


Skeletal muscle tumours 


Definition 

Rhabdomyoma is a benign neoplasm 
composed of cells showing skeletal mus- 
cle differentiation. Rhabdomyosarcoma 
is a malignant neoplasm composed of 
cells with various degrees of skeletal 
muscle differentiation. 


ICD-O codes f 
Rhabdomyoma 8900/0 
Rhabdomyosarcoma 8900/3 
Embryonal 

rhabdomyosarcoma 8910/3 
Alveolar rhabdomyosarcoma 8920/3 
Pleomorphic 

rhabdomyosarcoma 8901/3 
Spindle cell / sclerosing 

rhabdomyosarcoma 8912/3 
Epidemiology 


Rhabdomyomas arising in paratesticular 
soft tissue are very rare, most often affect 
young adults, have distinctive sclerosing 
morphology, and do not recur {1325}. 
More common and clinically more im- 
portant are rhabdomyosarcomas. The 
very 


large majority of paratesticular 


rhabdomyosarcomas arise in children or 
adolescents. Adult cases are rare [1399}. 


Clinical features 

Patients present with a non-distinctive 
enlarging paratesticular mass. Most pa- 
tients with rhabdomyosarcomas present 
with localized disease. 


. Histopathology 

. Paratesticular rhabdomyomas consist of 
round or polygonal, occasionally strap- 
shaped, rhabdomyoblasts with abundant 
eosinophilic cytoplasm and round nu- 
clei lacking both atypia and mitotic fig- 
ures, These are arranged individually, in 
small clusters or, less commonly, in nod- 
ules within a dense collagenous stroma 
{1325}. 

Most paratesticular rhabdomyosarco- 
mas are of the embryonal type {2277}, 
consisting of primitive round or spindled 
cells and variable numbers of eosinophil- 
ic rhabdomyoblasts, often in a myxoid 
matrix. This is the most common loca- 
tion for the uncommon spindle cell vari- 
ant {424,1635}, which is easily mistaken 
‘for other types of spindle cell sarcoma. 
Alveolar and pleomorphic types are rare. 


Immunophenotyoe 

Desmin is almost invariably and diffusely 
positive, as is muscle actin (HHF35). Nu- 
clear positivity for Myf4 (myogenin) and 
MYOD‘1 is most specific. 


Genetic profile 

LOH on 11p is common in embryonal 
rhabdomyosarcoma. Alveolar rhabdo- 
myosarcoma is characterized by t(2;13) 
(q35;q14), resulting in PAX3-FOXO1 


gene fusion. Less often, there is t(1;13) 
(p36;q14), resulting in PAX7-FOXO17 fu- 
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Fig. 4.101 Spindle cell rhabdomyosarcoma. Spindle cell 
rhabdomyosarcoma may easily be mistaken for other 
types of spindle cell sarcoma. 


sion. Spindle cell rhabdomyosarcoma 
has distinctive MYOD?1 mutations {19, 
1474). Rare infantile/congenital cases 
may harbour NCOA2 rearrangement 
{1955}. Pleomorphic rhabdomyosarcoma 
has a non-specific complex karyotype. 


Prognosis and predictive factors 
Rhabdomyomas are benign and do not 
recur (1325}. Paratesticular rhabdomyo- 
sarcoma in children has an excellent 
prognosis, with a 5-year overall survival 
rate of about 90% {854}. The alveolar 
and pleomorphic subtypes have a poorer 
prognosis. 


Fibroblastic/ 
myofibroblastic tumours 


Definition 

Fibroblastic/myofibroblastic tumours 
are neoplasms composed of cells with 
various degrees of fibroblastic and/ 
or myofibroblastic differentiation. They 
are typically benign. A variety of fibro- 
blastic/myofibroblastic tumours may 
occasionally arise in paratesticular 
soft tissue; the most common variety is 


e cell lipoma, along with promin 


lesion also resembles spindle cell lipoma, but has coarser stromal collagen bundles. 


Mesenchymal tumours of the spermatic cord and testicular adnexa 


ent thick-walled vessels. Mammary-type 


COllular angiofibroma, followed by mam- 
Mary-lype myofibroblastoma and deep 
angiomyxoma. 


ICD-O codes 
Cellular angiofibroma 9160/0 
Mammary-type 

myofibroblastoma 8825/0 
Deep (“aggressive”) 

angiomyxoma 8841/0 


Synonyms 

For cellular angiofibroma: angiomyofibro- 
blastoma-like tumour {159 1) 
For deep angiomyxoma: 
angiomyxoma 


aggressive 


Cellular angiofibroma 

Cellular angiofibroma presents as a pain- 
less inguinoscrotal mass in middle-aged 
or older men {1293}. Most tumours are 
well circumscribed, measure 5-10 cm, 
and consist of bland spindle cells with 
short, stubby nuclei and thick-walled 
vessels distributed in a collagenous 
stroma, which may contain adipocytes. 
The tumour cells are variably positive for 
CD34 and/or smooth muscle actin, and 
less often for desmin {1293}. The tumours 
have 13q rearrangement with RB1 dele- 
tion/loss, which is also seen in spindle 
cell lipoma {890}. Local recurrence is 
very rare. 


Mammary-type myofibroblastoma 

Mammary-type myofibroblastoma shows 
close morphological overlap with spindle 
cell lipoma but has noticeably coarser/ 
broader stromal collagen bundles and 
is often positive for desmin. This tumour 
is now well known to occur in the ingui- 
nal region and may arise in paratestic- 
ular tissue {1849,1976}. Like cellular 
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angiofibromas, these lesions have 13q 
rearrangement with ABI deletion/loss 
{467, 1756}. Local recurrence is very rare. 


Deep angiomyxoma 

The rare cases of deep angiomyxoma 
that occur in males are comparable to 
their better-known counterparts in fe- 
males. In males, deep angiomyxomas 
„usually occur in adults and most often 
involve the spermatic cord or scrotum 
(535,1273,2751,2829}. These infiltra- 
tive lesions consist of bland spindle or 
stellate cells in a myxoid matrix contain- 
ing variably prominent vessels. There 
is variable positivity for actin, desmin, 
and CD34, and more consistent positiv- 
ity for HMGA2 {732}, which is a result of 
HMGA2 gene rearrangement on 12q14.3 
and may be helpful in differential diagno- 
sis. These tumours may recur, but rarely 
recur more than once. 


Other fibrous tumours 

Other fibrous tumours that may rarely 
arise in paratesticular soft tissue include 
solitary fibrous tumour {1337,2841}, cal- 
cifying fibrous tumour {2007}, desmoid 
fibromatosis {1570}, and fibrous hamar- 
toma of infancy {2235}. These tumours 
are all histologically comparable to their 
counterparts in more usual anatomical 
locations. 


Nerve sheath tumours 


Nerve sheath tumours arising in a para- 
testicular location are extremely uncom- 
mon, with only isolated case reports in 
the literature. Irrespective of histological 
type, most present as a non-distinctive, 
usually painless palpable mass of vari- 
able size. The most commonly reported 
varieties are benign schwannoma {1320, 
1936,2116} and neurofibroma {1898, 
2217,2763}. Soft tissue perineurioma 
{1233} and malignant peripheral nerve 


a 4. 103 Desmoplastic small round cell tumour. The characteristic morphological features are seen, including nests 
of small, hyperchromatic tumour cells in a prominent desmoplastic stroma. 


sheath tumour {185,1326} are even rarer 
in this location. Some cases of gangli- 
oneuroma have also been described in 
both adults and children {427,1112,1307, 
2143}. These lesions are all histologically 
comparable to their counterparts in more 
usual anatomical locations. 


Other mesenchymal 
tumours of the spermatic cord 
and testicular adnexa 


ICD-O codes 

Haemangioma 

Desmoplastic small round 
cell tumour 


9120/0 
8806/3 


Haemangiomas 

Haemangiomas of either cavernous or 
capillary type may rarely involve the sper- 
matic cord or epididymis {1315,1671}. 
Paratesticular haemangioma presents as 
a painless mass, sometimes with rapid 
enlargement due to haemorrhage. Anas- 
tomosing haemangiomas are composed 
of intersecting sinusoidal capillary ves- 
sels with occasional hobnail endothelial 
cells surrounded by a layer of pericytes 
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{1933}. Haemangiomas are benign and 
do not recur. 


Desmoplastic small round cell tumour 
Desmoplastic small round cell tumour 
may arise in the paratesticular tissues of 
children and young adults {604,2386}. 
The tumour shows a multinodular growth 
pattern and is composed of nests of uni- 
form small cells with scant cytoplasm 
embedded within a desmoplastic stro- 
ma. Foci of tubular architecture may be 
seen (604}. This polyphenotypic neo- 
plasm is usually positive for keratins, epi- 
thelial membrane antigen, desmin, and 
neuron-specific enolase, and negative 
for myogenin. A t(11;22)(p13:q12) result- 
ing in EWSR1-WT1 fusion is characteris- 
tic {1564}. Nuclear staining for WT1 using 
antibodies directed against the C termi- 
nus is typical {1201}. Spread to the ab- 
dominal cavity is common and prognosis 
is poor {2784}. 


Other sarcomas 

Other sarcomas, such as _ undifferenti- 
ated pleomorphic sarcoma, arise rarely 
in the paratesticular region {1656,2262}. 


a 
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Metastatic tumours 


Definition 

Secondary tumours of the testis are non- 
‘testicular neoplasms that involve the tes- 

tis through direct spread or metastasis 

from another site. 


Epidemiology 

Over the past decades, the growing ef- 
ficacy of cancer treatment has led to im- 
portant changes in data on the incidence 
and sites of origin of testicular metas- 
tases. Studies on surgical specimens 
{2781} outnumber those based on autop- 
sy examinations (2040,2209], accounting 
for 76% and 24% of published reports, 
respectively. Reported incidence var- 
ies greatly (from 0.06% {2209} to 3.6% 
{2164}), depending on the methodology. 
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Fig. 4.105 Metastasis of prostate adenocarcinoma. A Prostate 
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cancer glands growing around dilated channels of the rete testis; note the cribriform pattern of some of the neoplastic 


Fig. 4.104 Metastasis of adenocarcinoma of unknown 
origin. A solitary circumscribed nodule that replaces 75% 
of the testicular parenchyma; the mass is yellow with 
gelatinous areas. 


Clinical features 
Testicular metastases are usually ob- 
served in patients with a history of 
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Fig. 4.106 Metastasis of lung adenocarcinoma. A Well-demarcated nodule above the tunica albuginea, protruding into the testicular parenchyma (Masson's trichrome stain). 


González-Peramato P. 
Nistal M. 
Ulbright T.M. 


cancer, although in as many as 10% of 
cases, a palpable testicular mass, tes- 
ticular enlargement, or a hydrocoele may 
be the first manifestation of an occult neo- 
plasm. Most are unilateral and solitary, 
and they are equally distributed between 
the right and left testes. About 13-20% 
of cases are bilateral {2781}. The mean 
patient age is 60 years, ranging from 19 
to 90 years. Only 11% of patients are 
younger than 18 years. The frequency 
of incidentally found testicular metasta- 
ses in patients with prostate cancer has 
decreased as antihormonal medications 
have largely replaced castration as a 
form of treatment. 


x ate 


Sk ral 


ae Pr 


P 


B Glands lined by cuboidal tumour cells infiltrating among seminiferous tubules at the periphery of the nodule (Masson's trichrome stain). 
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Tumour spread’ 

The sites of primary tumours are listed 
in Table 4.08. Metastasis to the testes 
may take several routes: retrograde ve- 
nous extension (spermatic veins), arterial 
embolism, retrograde lymphatic exten- 
sion from para-aortic lymph nodes, intra- 
ductal through the vas deferens lumen 
{1238], transperitoneal (which requires 
patency of the vaginal process), and di- 
rect invasion. 


Macroscopy 

Testicular metastases are more com- 
monly solitary nodules (62% of cases) 
than multiple nodules (17% of cases), 
In some cases (21%) there is diffuse in- 
volvement of the testis. 


Histopathology 

The metastases show morphological 
features similar to those of the primary 
tumour. The most common patterns of 
growth are interstitial (40% of cases), 
destructive (26% of cases), and nodular 
(21% of cases), Infiltration of the rete tes- 
tis is rarely the initial manifestation of a 
primary testicular tumour, but it can occur 
in metastases of carcinoma from the kid- 
ney, bladder, and prostate, which some- 
times creates confusion with primary rete 
carcinomas. Intratubular growth does not 
rule out a metastatic tumour, because 
it can be observed not only in lympho- 
mas involving the testis but also in car- 
cinomas from the prostate, kidney, and 
bladder. Tumour cells from metastatic 
tumours in these organs that have promi- 
nent vacuolization may be confused with 
Sertoli cell tumours {2781}, 

The classic criteria used to determine 
that a testicular tumour is likely metastatic 
include patient age > 50 years, bilateral 
involvement, history of a primary tumour 
in another location, an uncommon mor- 
phology for a primary testicular or para- 
testicular tumour, lymphovascular inva- 
sion (which occurs in as many as 69% 
of cases {2781}), and intertubular growth 
pattern {1138}. Although these features 
are generally helpful, cases of metasta- 
ses often lack one or more of them. 
Morphology alone may be sufficient to 
recognize a metastatic tumour in the 
testis, but appropriate immunohisto- 
chemical studies are invaluable in some 
cases (see Table 4.04, p. 202) {3035}. 
lf embryonal carcinoma and seminoma 
are in the differential, OCT3/4 is very 
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Fig. 4.107 Metastasis of adrenal neuroblastoma, A Tun 


ica albuginea veins completely filed with neuroblastoma 


tumour cells that also involve testicular parenchyma. B Neuroblastoma tumour cells stain for chromogranin. 


Table 4.08 Sites of origin for secondary tumours involving the testis; the data are derived from a literature review that 


Prostate 


Kidney | 


Melanoma 


Mesothelioma 


Unknown/NA — 
Bes > 


useful because of its high sensitivity and 
specificity for both. Epithelial membrane 
antigen is positive in most metastatic car- 
cinomas but negative in most germ cell 
tumours. Lineage-directed markers (e.g. 
thyroid transcription factor 1 and pros- 
tate-specific antigen) are also helpful but 
must be used with caution because some 
patterns overlap with those of primary 
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includes 296 cases from 34 case series and 163 case reports 


| 


testicular tumours. For example, a tumour 
positive for CDX2 and CK20 and nega- 
tive for CK7 could be yolk sac tumour 
or colorectal adenocarcinoma; a tumour 
positive for CD10 could be seminoma, 
renal cell carcinoma, or lymphoma; and 
a tumour positive for CD30 could be em- 
bryonal carcinoma or lymphoma. 


CHAPTER 5 


Tumours of the penis 
Malignant epithelial tumours 
Precursor lesions 
Melanocytic lesions 


Mesenchymal tumours 


Lymphomas 


Metastatic tumours 


WHO classification of tumours of the penis 


Malignant epithelial tumours 
Squamous cell carcinoma 
Non-HPV-related squamous cell carcinoma 
Squamous cell carcinoma, usual type 
Pseudohyperplastic carcinoma 
Pseudoglandular carcinoma 
Verrucous carcinoma 
Carcinoma cuniculatum 
Papillary squamous Cell carcinoma, NOS 
Adenosquamous Carcinoma 
Sarcomatoid squamous cell carcinoma 
Mixed squamous cell carcinoma 
HPV-related squamous cell carcinoma 
Basaloid squamous cell carcinoma 
Papillary-basaloid carcinoma 
Warty carcinoma 
Warty-basaloid carcinoma 
Clear cell squamous cell carcinoma 
Lymphoepithelioma-like carcinoma 
Other rare carcinomas 


Precursor lesions 

Penile intraepithelial neoplasia 
Warty/basaloid/warty-basaloid 

Differentiated penile intraepithelial neoplasia 

Paget disease 


Melanocytic lesions 
Mesenchymal tumours 


Benign tumours 

Benign fibrous histiocytoma 
Glomus tumour 

Granular cell tumour 
Haemangioma 

Juvenile xanthogranuloma 
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8070/3 
8070/3 


8075/3 
8051/3 


8052/3 
8560/3 
8074/3 
8070/3 


8083/3 
8054/3" 


8084/3 
8082/3 


8077/2 


8071/2* 
8542/3 


8830/0 
8711/0 
9580/0 
9120/0 


S] 


Leiomyoma 8890/0 
Lymphangioma 9170/0 
Myointimoma 9137/0* 
Neurofibroma 9540/0 
Schwannoma 9560/0 


Malignant tumours (including tumours of uncertain 
malignant potential, marked with *) 


Angiosarcoma 9120/3 
Clear cell sarcoma 9044/3 
Dermatofibrosarcoma protuberans” 8832/3 
Epithelioid haemangioendothelioma 9133/3 
Epithelioid sarcoma 8804/3 
Ewing sarcoma 9364/3 
Giant cell fibroblastoma* 8834/1 
Kaposi sarcoma 9140/3 
Leiomyosarcoma 8890/3 
Malignant peripheral nerve sheath tumour 9540/3 
Myxofibrosarcoma 8811/3 
Undifferentiated pleomorphic sarcoma 8802/3 
Osteosarcoma, extraskeletal 9180/3 
Rhabdomyosarcoma 8900/3 
Synovial sarcoma 9040/3 
Lymphomas 


Metastatic tumours 


The morphology codes are from the International Classification of Diseases 
for Oncology (ICD-O) {917A}. Behaviour is coded /0 for benign tumours; 

/1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in 
situ and grade Ill intraepithelial neoplasia; and /3 for malignant tumours. 
The classification is modified from the previous WHO classification {756A}, 
taking into account changes in our understanding of these lesions. 

*New code approved by the {!ARC/WHO Committee for ICD-O. 
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TNM classification of carcinomas of the penis 


TNM classification?” 


T — Primary tumour 


TX 
TO 
Tis 
Ta 
Vi 
Tia 


Tib 


T2 


Ta 
T4 


Primary tumour cannot be assessed 

No evidence of primary tumour 

Carcinoma in situ (preinvasive carcinoma) 

Non-invasive verrucous carcinoma 

Tumour invades subepithelial connective tissue 
Tumour invades subepithelial connective tissue without 
lymphovascular invasion and is not poorly differentiated 
or undifferentiated 
Tumour invades subepithelial connective tissue with 
lymphovascular invasion or is poorly differentiated or 
undifferentiated 

Tumour invades corpus spongiosum or corpus 

cavernosum 

Tumour invades urethra 

Tumour invades other adjacent structures 


N —Reglonal lymph nodes (clinical classification) 


NX 
NO 
N1 
N2 
N3 


Regional lymph nodes cannot be assessed 

No palpable or visibly enlarged inguinal lymph nodes 
Single palpable mobile unilateral inguinal lymph node 
Multiple or bilateral palpable mobile inguinal lymph nodes 
Unilateral or bilateral fixed inguinal nodal mass(es) or 
pelvic lymphadenopathy 


PN - Regional lymph nodes (pathological classiflcatlon)* 


pNX 
pNO 
pNi 
pN2 
pN3 


Regional lymph nodes cannot be assessed 

No regional lymph node metastasis 

Metastasis in a single inguinal lymph node 

Metastasis in multiple or bilateral inguinal lymph nodes 
Metastasis in unilateral or bilateral pelvic lymph node(s), or 
extranodal extension of regional lymph node metastasis 


M — Distant metastasis 
MO No distant metastasis 
Mi Distant metastasis 


Stage grouping 
StageO Tis 
Ta 
Stage | Tia 
Stagell  T1b 
T2 
T3 
Stage IIIA 11-3 
Stage IIIB T1-3 
StagelV T4 
Any T 
Any T 


NO 
NO 
NO 
NO 
NO 
NO 
N1 
N2 
Any N 
N3 
Any N 


MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
MO 
M1 


"Adapted from Edge et al. {759} — used with permission of the American 
Joint Committee on Cancer (AJCC), Chicago, Illinois; the original and prima- 
ry source for this information is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science+Business Media ~ and Sobin 


et al. (2558A\. 


tA help desk for specific questions about TNM classification is available at 
http://www.uicc.org/resources/tnm/helpdesk. 


The pN categories are based on biopsy or surgical excision. 
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Malignant epithelial tumours 


Squamous cell carcinoma 


Definition 

The majority of malignant tumours of the 
penis are squamous cell carcinomas 
(SCCs) originating in the mucosal inner 
lining of the glans, coronal sulcus, and 
foreskin {816}. Rarely, basal cell carci- 
nomas may occur {1774}. SCCs of the 
skin of the shaft are vanishingly rare, and 
there are no reports of tumours arising in 
the outer skin of the foreskin {796}. Clear 
anatomical distinction is important, be- 
cause most penile carcinomas originate 
in the mucosae, not the skin. Usual SCCs 
(i.e. those of the conventional type) ac- 
count for about half of all carcinomas. 
A variety of specific subtypes of penile 
SCC have been reported, each with dis- 
tinctive clinical, morphological, or molec- 
ular features {816}. 


Histological classification 

This volume presents a new classification 
of penile SCC based on clinicopathologi- 
cal distinctiveness and relation with HPV. 
The classification model presented in 
this publication is the result of a gradual 
historical evolution. Paget used the term 
“epithelioma” for all penile carcinomas 
in the 1890s. Ewing mentioned and illus- 
trated the spindle cell carcinoma in 1921 
{831A}. Ackerman, and later Kraus (from 
the same institution), described oral and 
genital verrucous carcinomas in 1949 
and 1966, respectively (532,1518A}. Mu- 
fioz and zur Hausen identified the corre- 
lation of HPV with cancer and provided 
a structural description of HPV in cervi- 
cal and genital carcinomas, respectively. 
Among the first tissues studied for HPV 
were those of giant condylomas and in- 
vasive penile cancers from Recife, Brazil 
{993A,1981A,3105A). The seminal work 
of Kurman in vulvar carcinomas. intro- 
duced the terms and concept of warty 
and basaloid carcinomas as HPV-related 
neoplasms {532,831A,1518A,1543A). 
The first attempt at histological subclas- 
sification of invasive penile carcinomas 
was published by Gregoire et al. in 1995, 
in areport presenting the first findings of 
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a correlation between HPV and certain 
subtypes of penile carcinomas. They 
also introduced new terms such as “pap- 
illary carcinoma, NOS” and "mixed carci- 
nomas”. Major publications, such as the 
2004 WHO classification and the 2001 
and 2012 United States Armed Forces 
Institute of Pathology (AFIP) fascicles, 
later endorsed these earlier classification 
schemes and added other tumour enti- 
ties, such as adenosquamous, clear cell, 
pseudohyperplastic, cuniculatum, and 
pseudoglandular carcinomas. The clas- 
sification presented in this volume now 
adds the entities warty—-basaloid, papil- 
lary-basaloid, and lymphoepithelioma- 
like Carcinoma. 


ICD-O codes 
Squamous cell carcinoma 8070/3 
Verrucous carcinoma 8051/3 
Papillary carcinoma, NOS 8052/3 
Sarcomatoid squamous cell 

carcinoma 8074/3 
Adenosquamous carcinoma 8560/3 
Mixed squamous cell carcinoma 8070/3 
Basaloid squamous cell carcinoma 8083/3 
Warty (condylomatous) 

carcinoma 8054/3 


U TA DT 

Fig. 5.01 Penile anatomy. The penile anatomical 
compartments are the glans (GL), foreskin (F), and 
coronal sulcus (COS). The anatomical levels are lamina 
propria (LP), corpus spongiosum (CS), dartos (DT), and 
corpus cavernosum (CC). The tunica albuginea (TA) is 
part of the corpus cavernosum. The penile fascia (PF) 
encases the shaft. The distal urethra (U) is ventral to the 
penis. 
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Amin M.B. Moch H. 

Ayala A. Sanchez D.F. 

Ayala G. Soares F.A. 

Chaux A. Tamboli P. 
Corbishley C, Young R.H. 

Table 5.01 Pathological classification of penile 


squamous cell carcinoma (SCC 


Warty-basaloid carcinoma 
Clear cell carcinoma 


Lymphoepithelioma-like 
carcinoma 8082/3 

Synonym 

Epidermoid carcinoma 


Anatomical considerations 

Knowledge of the complex penile anat- 
omy is necessary for the identification of 
penile cancer sites of origin and patho- 
logical prognostic risk factors. There are 
three epithelial mucosal compartments 
in the distal penis, where most tumours 
arise: the glans, coronal sulcus, and fore- 
skin. The penile mucosa extends from the 
preputial orifice to the fossa navicularis. 
From surface to deep tissues, there are 
several anatomical levels. In the glans, 
these levels are the lamina propria, cor- 
pus spongiosum, tunica albuginea, and 
corpus cavernosum. The foreskin has an 
inner mucosa and an outer or surface 
skin, which are histologically different. 
The anatomical levels from the mucosa 
to the skin are the lamina propria, dartos, 
dermis, and epidermis. The penile fas- 
cia covers the shaft and inserts into the 


lamina propria of the coronal sulcus. The 
fossa navicularis is the 5-6 mm of the dis- 
tal penile urethra, but its squamous lining 
is continuous with that of the .perimeatal 
glans. The penile urethra is ventral and 
surrounded by a lamina propria, corpus 
spongiosum, and penile fascia {1905}. 


Epidemiology 

Penile cancer most commonly affects 
patients in their fifth or sixth decade of 
life, but age variations are seen with cer- 
tain histological subtypes. Rarely, penile 
carcinoma has been reported in young 
individuals {2305}. Familial cases have 
also been noted {2275}. There is no racial 
predilection. There is a wide geographi- 
cal distribution, with low incidence rates 
in the USA and Europe, and higher rates 
in South America, Africa, and Asia, 


Table 5,02 High-risk HPV and p16 positivity in Squamous cell carcinoma sublypes; reprinted from Cubilla et al. {597} 


l) 


78 (62-89) 


83 (74-90) 


83 (36-100) 


= 100 (59-100) 


ma 


There are demographic and ethnic dif- 
ferences within some countries, such as 
between north-eastern and south-western 
Brazil. In the USA, the Hispanic population 
has the highest incidence rate, followed 
by the Black population living in the south. 
Age-standardized incidence rates in in- 
dustrialized countries are in the range of 
0.3-1 cases per 100 000 people, and are 
as high as 2-4 cases per 100 000 peo- 
ple in areas of high prevalence {607 ,844, 
1020,1177,2152,2194,2889}. Incidence 
rates have been slowly decreasing in 
some countries, but HPV-related tumours 
appear to be increasing in others, such 
as the USA {1178}. 


Etiology 
The risk factors associated with pe- 
nile cancer are lack of circumcision, 


Fig. 5.02 The prevalence of HPV in various histological subtypes of penile squamous cell carcinoma. Modified from 


Cubilla et al. {598}. 
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phimosis, chronic inflammation, lichen 
sclerosus, smoking, radiotherapy, ultra- 
violet irradiation (i.e. psoralen plus ultra- 
violet light therapy) 1324,416,629,926, 
4124.1752,2245,2284,26 16}, and history 
of warts/condylamas/HPV {1178}. The ar- 
chetypal patiant with penile cancer from 
an area of high prevalence of the disease 
is amale in his fifth or sixth decade, poorly 
educated, living in poverty, with precari- 
ous hygienic habits, uncircumcised, with 
a history of common warts and multiple 
sex partners, and commonly with a long 
phimotic foreskin with lichen sclerosus 
{456}. Measures for prevention of penile 
cancer include (neonatal) circumcision, 
limitation of penile HPV infections (either 
by prophylactic vaccination or condom 
use), prevention of phimosis, treatment 
of chronic inflammatory conditions, limi- 
tation of psoralen plus ultraviolet light 
therapy treatment, smoking cessation, 
and hygienic measures {284}. 


HPV 

The preferential association of HPV with 
certain subtypes of penile carcinomas 
was first recognized in 1995 {1045}, and 
resulted in a classification scheme of 
penile tumours as HPV-related and non- 
HPV-related tumours (1045,1782,2375). 
HPV DNA is more commonly found in 
cancers with basaloid and/or warty mor- 
phological features, and it is limited or 
absent in usual and low-grade variants 
of keratinizing squamous cell carcinoma 
(SCC). HPV is also detectable in most 
basaloid, warty, and warty—-basaloid vari- 
ants of penile intraepithelial neoplasia, 
and it is consistently negative in differ- 
entiated penile intraepithelial neoplasia. 
HPV16 is the most common genotype. 
The gold standard for HPV detection is 
PCR, but p16 immunostaining is a use- 
ful surrogate {598,850,1045,2375}. The 
presence of HPV is considered a good 
prognostic marker in some series but not 
others {254, 1078}. 


Localization 

SCC can involve any of part of the penis, 
and may involve more than one site. The 
glans penis is the most common site of 
origin and involvement, followed by the 
foreskin, Coronal sulcus, and shaft. The 
incidence of involvement of more than 
one of these sites varies by geographical 
area {816}. A study of 2515 cases of pe- 
nile carcinoma in men diagnosed in the 
USA reported that 1454 tumours (58%) 
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involved the glans penis, 722 (29%) in- 
volved the foreskin, 184 (7%) involved 
the penile shaft, and 155 (6%) involved 
more than one of these structures {2766} 
Similar results have been reported in oth- 
er small series from North America. In a 
series of 333 cases from Brazil, two thirds 
of tumours affected the glans penis or 
foreskin, and one third affected multiple 
sites {1071]. Patients with tumours of the 
foreskin have a better survival rate than 
patients with tumours of other anatomical 
sites {595,2766}. 


Clinical features 

The median patient age at diagnosis is 
about 60 years, but tumours are occa- 
sionally seen in young adults and are ex- 
ceptionally rare in children. The tumours 
may present in several ways, although 
the most common is a gross abnormal- 
ity, discrete mass, ulcer, or erythematous 
lesion noticed by the patient in the glans 
or the foreskin. Pain, bleeding, and dys- 
uria are unusual. Occasionally a patient 
presents with phimosis with discharge 
or adhesions. Patients may present late, 
even in countries with well-developed 
medical services, and may have urinary 
obstruction due to urethral involvement, 
large penoscrotal masses, fistula, or in- 
guinal metastases. In patients with a long 
foreskin and phimosis, the tumour may 
be concealed; an inguinal metastasis 
may be the presenting sign with the dis- 
ease recognized secondary to the iden- 
tification of inguinal lymph node metas- 
tasis. Rare neoplasms have occurred in 
patients with HIV, and these neoplasms 
are usually of the HPV-associated types 
{816}. 


Fig. 5.03 Local penile cancer spread. (1) Superficial 
spread, intramucosal. (2) Superficial spread, mucosa 
to skin. (3) Vertical spread, preputial mucosa to dermis. 
(4) Vertical spread, corpus spongiosum to fascia. 
(5) Fascial spread through albuginea to corpus 
cavernosum. (6) Vertical spread, corpus spongiosum 
to corpus cavernosum. (7) Vertical spread, corpus 
cavernosum to resection margins. (8) Urethral, intra, in 
situ, or periurethral spread. 


Imaging 

Imaging plays a limited role in the man- 
agement of primary penile cancer, being 
important for preoperative assessment 
of inguinal and/or pelvic lymph nodes 
{1198}. MRI is the only imaging modal- 
ity of value for assessing the local extent 
of the primary tumour in the penis {1450, 
197 1,2336]. The use of ultrasonography 
is limited to imaging of larger tumours, 
where the relationship of the tumour to 
the tunica albuginea, corpora cavernosa, 
and urethra can be evaluated. CT and 
MRI are useful for evaluating the status 
of inguinal lymph nodes, but they may 
provide a false-negative result in patients 
with low-volume disease in the nodes. 
Ultrasound-guided fine-needle aspiration 
biopsy has been reported to be success- 
ful for histological confirmation of metas- 
tasis in patients with palpable inguinal 
lymph nodes. Newer modalities, such as 
PET/CT and lymphotropic nanoparticle- 
enhanced MRI, have also been reported, 


but their use remains limited. In patients 
with confirmed inguinal lymph node me- 
tastases, imaging of the pelvic lymph 
nodes is essential (855,1036,1573,2531, 
2632}. Chest X-ray and abdominal scans 
are recommended in patients with me- 
tastases to the pelvic lymph nodes. 


Tumour spread 

Tumour spread may be local or systemic, 
Local spread can occur from one epithe- 
lial compartment to the other and from 
superficial to deep anatomical levels. 
Typically, tumours of the glans spread 
to the coronal sulcus and foreskin, and 
foreskin neoplasms spread to the sulcus 
or glans. Spread may be horizontal or 
vertical. Horizontal spread is typical of 
superficially soreading invasive or in situ 
SCCs, and vertical spread is typical of 
basaloid and sarcomatoid squamous cell 
carcinomas. The urethral epithelium is 
particularly prone to such spread and is 
a common site of positive surgical resec- 
tion margin. An important route of spread 
is the penile fascia, which is another 
common site of positive resection mar- 
gins {2851}. Extension to the fascia oc- 
curs directly from the foreskin or through 
the coronal sulcus. A tumour invading 
the fascia may penetrate vertically into 
the shaft corpus spongiosum via blood 
vessels and adipose tissue traversing 
the tunica albuginea. Occasionally, par- 
ticularly in locally advanced cases, the 
tumour may spread within the organ ina 
nodular manner as satellite nodules, usu- 
ally in erectile corpora. Pagetoid spread 
of penile cancer may be from adjacent 
carcinoma in situ or more likely from an 
invasive carcinoma simulating intraepi- 
thelial neoplasia {73}. Direct spread 
through the corpora cavernosa is less 
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Fig. 5,04 Squamous cell carcinoma, A Immunohistochemistry for | p53 expression; note the strong and diffuse nuclear stain, indicating aecumukaton of mutated p53 protein in the 


nuclei of tumour cells. B Immunohistochemistry for PTEN expression; note the loss of protein expression in tumour cells, in contrast to the maintained expression in stromal cells. 
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common, but is occasionally noted in ag- 
gressive tumours. In advanced cases, tu- 
mour may spread to the skin of the groin, 
pubis, or scrotum. 

There is a fairly predictable sequential 
pattern of local, regional, and systemic 
dissemination of penile carcinoma, ini- 
tially to superficial inguinal lymph nodes 
(particularly the sentinel lymph node), 
then to deep inguinal and pelvic lymph 
“nodes, and last to the periaortic nodes 
in the retroperitoneum. Direct metastasis 
to pelvic nodes (skip metastasis) is unu- 
sual. Systemic metastasis occurs as a 
late event. The usual sites of metastatic 
involvement at autopsy are liver, retro- 
peritoneal and mediastinal nodes, lungs, 
and heart {458}. 


Staging 

The recommended staging method for 
penile carcinoma is the TNM staging sys- 
tem {816}. 


Genetic profile 

Knowledge of the molecular pathogen- 
esis of penile carcinoma is very limited, 
particularly when compared with other 
cancers. Although very few data can be 
considered definitive, several molecular 
alterations have been observed in pe- 
nile carcinomas, including copy num- 
ber gains, deletions, aneuploidy, gene 
overexpression and low expression, 
gene mutations, imbalanced protein 
expression, and epigenetic alterations 
{885}. The molecular changes reported 
in penile carcinomas include alterations 
in pathways involving carcinogenesis, 
tumour progression, metastatic spread, 
and metastatic seeding {2248}. 

There are two pathogenetic pathways in 
penile carcinoma: high-risk HPV-relat- 
ed pathogenesis and non—HPV-related 
pathogenesis {2601}. HPV-related tu- 
mours account for about 30-50% of all 
cases, and the molecular mechanisms 
are very similar to those of other HPV-re- 
lated cancers, such as cervical and head 
and neck carcinomas, with disruption of 
the retinoblastoma protein / p16 / p21 
pathway {2600}. Recently, a specific mi- 
croRNA pattern has been described, with 
emphasis on miR-218 expression {193}. 
These tumours do not typically harbour 
TP53 mutation, although p53 immunohis- 
tochemistry can be positive. 

The second main group is non—HPV- 
related tumours, divided into two sub- 
groups: one with 7P53 mutation and the 


other with high chromosomal instability. 
Tumours with 7P53 mulation are usually 
aggressive, and there are no numeric al- 
terations in chromosome 17 {2335}. With- 
in non-HPV-related tumours, a subgroup 
has a very complex karyotype with rnany 
alterations in several drivers, including 
copy number gains in 8p24, 16p11-12, 
20q11-13, 22q, 19q13, and 5p15, and 
deletions in 13q21-22 and 4q21-32 and 
along the X chromosome {69}. 

Penile carcinomas often express epider- 
mal growth factor receptor {455,2601}. 
There are anecdotal cases of partial re- 
sponse to epidermal growth factor recep- 
tor inhibitors, but no predictive factors 
have been described. The mechanisms 
of protein overexpression are not yet 
clear, but it is certain that mutations in 
TK hotspots are absent on 29 sequenced 
cases of usual SCCs {2525}. Dysregula- 
tion of the mTOR pathway has also been 
described in penile carcinomas, includ- 
ing loss of PTEN expression and over- 
expression of members of the mTOR 
pathway {454}. Some studies suggest a 
prognostic role for phosphorylated mTOR 
overexpression in the development of 
lymph node metastasis {853}. Epigenetic 
alterations have also been reported in 
penile carcinomas, including oxidation of 
methylated cytosines to 5-hydroxymethyl- 
cytosine {1922}. Despite all these stud- 
ies, no clear and consistent molecular 


Fig. 5.05 A Usual squamous cell carcinoma, well differentiated, grade |. Multiple well-delineated invasive 
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alteration has been found to have clini- 
cal significance or reproducible value as 
a prognostic or predictive factor. Thus. 
proper evaluation of pathological features 
is paramount to define clinical manage- 
ment, ane molecular profiling should be 
considered of limited usefulness, 


Non-HPV-related 
squamous cell carcinomas 


Squamous cell carcinoma, 
usual type 


Definition 

Usual squamous cell carcinoma is an in- 
vasive epithelial neoplasm with various 
degrees of squamous differentiation and 
keratinization, diagnosed after the exclu- 
sion of other histological variants {816, 
2849}. 
ICD-O code 8070/3 
Synonyms 

Epidermoid carcinoma; squamous cell 
carcinoma, NOS 


Clinical features 

The clinical features of usual carcinoma 
are those described in the general dis- 
cussion of penile carcinoma above. 
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tumour 


nests composed of well-differentiated squamous cells. B Usual carcinoma, well differentiated, grade | Ahigher-power 
view reveals cells with ample eosinophilic keratinized cytoplasm and round to oval nuclei with minimal atypia. C Usual 
carcinoma, moderately differentiated, grade Il. Irregular nests of tumour cells with keratinization and nuclear atypia. 
D Usual carcinoma, moderately differentiated, grade II. Infiltrating tumour nests with perineural invasion. 
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Fig. 5,06 Usual squamous cell carcinoma, poorly differentiated, grad 
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Invasive tumour with angulated nests, poor keratinization, hyperc 


reaction, B Most cells are atypical and there is focal keratinization. C Solid tumour with focal keratinization; the cells are large, the cytoplasm ranges from scant to ample, and the 


nuclei are irregular and pleomorphic; mitoses are apparent. 


Macroscopy 

The macroscopic appearance is varia- 
ble, from nodular to exophytic, endophyt- 
ic, or ulcerated tumours. The cut surface 
is whitish grey to brown, with an irregular 
tumour front. In highly keratinized cases, 
there is white colouring contrasting with 
the reddish erectile tissues. 


Histopathology 

Grade is an important prognostic factor 
and predicts inguinal lymph node metas- 
tasis. The three-tiered WHO / Internation- 
al Society of Urological Pathology (ISUP) 
grading system should be used. It is 
based on nuclear pleomorphism ranging 
from wellto poorly differentiated, with var- 
iable amounts of keratin production. Well- 
differentiated carcinomas (grade |) have 
a cytological aspect of normal squamous 
tissues. They usually grow in ample sheets 
with an irregular nesting pattern and little 
intervening reactive stroma. Moderately 
differentiated carcinomas (grade Il) are 
more common. They contain irregular 
smaller nests of tumour cells and stromal 
reaction. In poorly keratinizing, poorly dif- 
ferentiated carcinomas (grade Ill), pearls 
are difficult to find and growth is irregular 
and polymorphic. Mitoses are frequent. 
Grading the two extremes (grades | and 
Ill) facilitates the correct categorization of 
the tumours. They have specific features 
and are easy to grade. The cases that 
do not qualify as grade | or Ill are grade 
II. Any proportion of anaplastic cells suf- 
fices to categorize a tumour as grade 
Ill, although some authors require 50% 
anaplastic cells (2545A}. Grade should 
be assigned on the basis of these criteria 
within the single high-power field showing 
the greatest degree of nuclear pleomor- 
phism, regardless of its proportion. Het- 
erogeneous tumours showing areas with 
different histological grades are common. 
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Prognosis and predictive factors 

These are high-grade and deeply inva- 
sive neoplasms, They involve corpora 
cavernosa in two thirds of the cases. 
Vascular and perineural invasion are 
common. Inguinal metastasis is present 
in two thirds of patients, but mortality is 
about 29%. 

The biological behaviour of usual squa- 
mous cell carcinoma depends mainly 
on histological grade, depth of infiltra- 
tion, and whether there is vascular and/ 
or perineural invasion. There is invasion 
of the corpus spongiosum in about half 
of all cases, and the corpora cavernosa 
are compromised in 25-52% of cases, 
according to reported series. Tumours 
invading only the lamina propria are un- 
common. Vascular and perineural inva- 
sion are observed in a third of cases. Lo- 
cal and regional recurrences, usually due 
to insufficient surgery, are observed in a 
third of cases. Inguinal lymph node me- 
tastases develop in 28-39% of patients 
with usual Squamous cell carcinoma. The 
mortality rate is 20-38% and the 10-year 
survival rate is around 78% {600,107 1}. 
There are various models to predict nod- 
al metastasis or patient outcome, from 
prognostic index methods to various risk 
group allocations and nomograms (448, 
450,462,622,865, 107 1,1258,2046,2564}. 
Extranodal spread conveys a worse 


Fig. 5.07 Pseudohyperplastic carcinoma. Diagrammatic 
representation of a circumcision specimen with a 
pseudohyperplastic carcinoma (yellow) and a verrucous 
carcinoma (light blue). 


prognosis and elevates the nodal stage 
to N3 even if only one node is involved. 
The outcome of patients with metastasis 
to a single inguinal lymph node is simi- 
lar to that of patients with no metastasis. 
There is a gradual increase in mortality 
with increasing number of lymph nodes 
involved with metastasis. High nodal 
density is related to adverse pathological 
factors and higher mortality rates {67A}. 


Pseudohyperplastic carcinoma 


Definition 

The pseudohyperplastic carcinoma vari- 
ant is a multifocal, extremely differenti- 
ated squamous cell carcinoma of older 
patients. It is commonly associated with 
lichen sclerosus, which simulates pseu- 
doepitheliomatous hyperplasia. 


Clinical features 

These unusual penile neoplasms are as- 
sociated with a specific constellation of 
clinicopathological features: multifocal- 
ity, older age (> 70 years), presence of 
lichen sclerosus, and predilection for the 
foreskin {603,2058}. Several biopsies may 
be necessary for a cancer diagnosis. Tu- 
mours with other histologies (particularly 
verrucous or papillary histologies) are of- 
ten present in the same specimen. 


Fig. 5.08 Pseudohyperplastic carcinoma. Diagrammatic 
representation of cut surface showing, from left to 
right, pseudoepitheliomatous hyperplasia (green), 
a papillomatous verrucous carcinoma, and a 
pseudohyperplastic carcinoma associated with lichen 
sclerosus (orange); dartos (yellow) is spared. 
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Fig. 5.09 Pseudohyperplastic carcinoma. A Low-power view of an extremely differentiated invasive and k 
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eratinizing squamous cell carcinoma of the foreskin; there is 


pseudoepitheliomatous hyperplasia on the surface and keratin-filled cystic structures in lamina propria. B Proliferation of squamous cells difficult to classify as hyperplasia or low- 


grade carcinoma. 
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Fig. 5.10 Pseudohyp 
atypical than in the case shown th panel A. 


Macroscopy 

The neoplasms are flat or slightly elevat- 
ed and whitish granular, with non-specific 
changes. Multifocal lesions are common. 


Histopathology 

There is a downward, irregular prolif- 
eration of squamous nests with sharp 
borders and little stromal reaction. The 
cells are extremely differentiated, with 
minimal or no atypia. Stromal reaction 
surrounding invasive nests may or may 
not be present. Pseudoepitheliomatous 
hyperplasia; papillary carcinoma, NOS; 
Or verrucous carcinoma may be present 
in the same specimen. There are usually 
changes of differentiated penile intraepi- 
thelial neoplasia and lichen sclerosus 
adjacent to the invasive tumour |464,603, 
2058}. 


Prognosis and predictive factors 

'hese neoplasms are usually grade | and 
Superficial, rarely invading beyond the 
Preputial dartos. Vascular and perineural 
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invasion have not been identified. In the 
few reported cases, no inguinal metasta- 
sis or mortality were found {603}. 


Pseudoglandular carcinoma 


Definition 

The pseudoglandular carcinoma vari- 
ant of SCC is an aggressive tumour with 
prominent acantholysis and formation 
of pseudoglandular spaces {552,605, 
3053}. 
ICD-O code 8075/3 
Synonyms 

Acantholytic carcinoma; adenoid 
carcinoma 


Clinical features 
Patients are typically in their 50s and pre- 
sent with a distal penile mass. 


romal reaction. B Invasive tumour nests are more 


Macroscopy 
The tumour is irregular, firm, and whitish 
grey, with ulceration. 


Histopathology 

At low power, a honeycomb appearance 
is typical. The spaces are filled partly with 
necrotic debris. They are lined by atypi- 
cal cuboidal or columnar cells. Most tu- 
mours show the histology of a poorly dif- 
ferentiated squamous cell carcinoma. In 
some cases, vacuolization is present in 
otherwise solid nests of carcinoma {464}. 
Some cases resemble angiosarcomas. 


Prognosis and predictive factors 
Carcinomas with pseudoglandular fea- 
tures are aggressive, with a reported rate 
of nodal metastasis of about 70% and a 
mortality rate of 30%. 
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Fig. 5.11 Pseudoglandular carcinoma. A At low 


power, the tumour has a honeycomb appearance due to acantholysis. 
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B This was a superficial focal pseudoglandular pattern in an otherwise typical squamous cell carcinoma. 
C Pseudolumina give the impression of a glandular tumour; note the perineural invasion. D Tumour with adenoid 


features; there is intraluminal necrotic debris. 


Verrucous carcinoma 


Definition 

Verrucous carcinoma is an extremely 
differentiated keratinizing papillomatous 
and acanthotic neoplasm characterized 
by a broadly based pushing interface of 
tumour and stroma. ` 


Synonyms 
Ackerman tumour {532}; pure verrucous 
carcinoma 


Clinical features 
This is a long-standing tumour affecting 


Fig. 5.12 Verrucous carcinoma. 


A The tumour has an exophytic, pearly-white, multinodular and cobblestone 


patients in the sixth or seventh decade 
of life. The precise incidence is difficult 
to estimate due to misinterpretation in the 
literature of condylomas, papillary car- 
cinomas, and warty carcinomas as ver- 
rucous carcinoma. Lichen sclerosus is a 
commonly associated condition, as are 
differentiated penile intraepithelial neo- 
plasia and verrucous epithelial hyperpla- 
sia. Verrucous carcinoma accounts for 
2-3% of penile squamous cell carcino- 
mas {600}. 


Macroscopy 
tumour is an 


The exophytic and 


appearance. B The cut surface of a partial penectomy shows an exophytic, white, papillomatous tumour involving 


glans, coronal sulcus, and foreskin. 
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papillomatous white to grey irregular 
mass. The surface varies from fungat- 
ing to macronodular, filiform, or granular 
The cut surface shows a serrated papil- 
lary white appearance, and the interface 
between tumour and stroma is sharply 
delineated. 


Histopathology 

Verrucous carcinoma is very well differ- 
entiated, with a sharp delineation at the 
tumour-stroma junction, There is hyper- 
orthokeratosis, papillomatosis, and acan- 
thosis. Often, papillae are elongated and 
have a church-spire appearance. There 
is prominent acanthosis, papillae are of 
variable length, and fibrovascular cores 
are not prominent except in rare cases. 
The tumour front is broad based and 
pushes rather than infiltrates subepithe- 
lial and deeper tissues, making diag- 
nosis of invasion difficult (particularly in 
small biopsies). There are intraepithelial 
cysts or plugs. The cells are extremely 
differentiated, with minimal deviation 
from the histology of normal squamous 
tissues. The nuclei are bland, round or 
vesicular, and very small. Slight atypia 
may be noted at the basal cell layer. 
Koilocytosis is absent. A few clear cells 
on the surface, but without the diagnos- 
tic features of koilocytes, may be noted. 
Foci of detached tumour may be super- 
ficially invasive in lamina propria {759}. 
Verrucous carcinomas mixed with other 
variants should be reported as mixed 
tumours. The most common association 
is with usual Squamous cell carcinoma, 
and this combination is referred to as 
verrucous hybrid carcinoma (see Mixed 
squamous cell carcinoma, p. 271). Ver- 
rucous carcinomas may also be mixed 
with pseudohyperplastic neoplasms; 
papillary carcinoma, NOS; and complex 
verruciform neoplasms. Verrucous car- 
cinoma, with few exceptions, is an HPV- 
negative tumour. The immunostain p16 is 
usually negative, as is HPV detection by 
PCR {597,606,1814,2599}. 


Prognosis and predictive factors 

This is a slow-growing tumour that may 
recur locally, but metastasis does not oc- 
cur in typical cases. Recurrences are re- 
ported in about a third of cases, usually 
because of incorrect pathological classi- 
fication as a benign neoplasm or due to 
insufficient surgery {459}. 


a well-defined b 


. A There is 


ECA 


road-based pushing border; inflammatory cells are present 


at the tumour margin. B At high power, cells are well differentiated with minimal basal cell atypia. C Immunostaining 


for p16 is negative. 


Carcinoma cuniculatum 


Definition : 

Carcinoma cuniculatum is a variant of 
verrucous carcinoma. It is a verruciform 
low-grade neoplasm with a characteristic 
labyrinthine growth pattern reminiscent 
of rabbit burrows (cuniculus is Latin for 
rabbit), similar to tumours originally de- 
scribed in the foot {30}. 


Clinical features 

Carcinoma cuniculatum is a long-stand- 
ing tumour of men in their seventh to 
eighth decade of life {464}. Multiple an- 
atomical compartments are usually af- 
fected, but glans involvement with deep 
penetration into both erectile corpora is 
typical {191}. 


Macroscopy 

The tumour is a whitish-grey verruciform 
exoendophytic neoplasm. The cut sur- 
face appearance is characteristic and 
diagnostic. There are deep labyrinthine 
tumour invaginations forming irregular, 
narrow, and elongated neoplastic sinus 
tracts connecting the surface with fistu- 


lae opening in glans or foreskin. Areas of 
verrucous-type carcinoma may be pre- 
sent in the same specimen. 


Histopathology 

The tumour growth pattern is similar to 
that of verrucous carcinoma but with 
a major endophytic component. There 
is hyperkeratosis, papillomatosis, and 
acanthosis, as well as pushing, broadly 
based margins. Growth is predominantly 
endophytic. Foci of irregularly invasive 
low-grade squamous cell carcinoma 
may be present. The cells are extremely 
well differentiated and no koilocytes are 
identified. There are sinus tracts ending 
in cul-de-sacs, which on tangential cuts 
may simulate epidermal cyst—containing 
hyperkeratotic material {191,1595}. 


Prognosis and predictive factors 

The tumours are well differentiated, with- 
out vascular or perineural invasion. The 
deep penetration into anatomical layers, 
including corpora cavernosa, is usually, 
as in verrucous Carcinoma, with a broad- 
ly based pushing border, resulting in no 
regional metastasis or mortality. 


Fig. 5.14 Carcinoma cuniculatum. Cut surface shows an 
exophytic superficial tumour in the glans, with minimal 
involvement of lamina propria in dorsal aspect. 


Papillary carcinoma, NOS 


Definition 

Papillary carcinoma, NOS, is a papil- 
lomatous, verruciform, low-grade kerati- 
nizing neoplasm without koilocytosis, di- 
agnosed after excluding verrucous and 
warty carcinomas {460,464}. 


Clinical features 

Papillary carcinoma, NOS, affects pa- 
tients in the fifth to sixth decade of life 
and account for about 5-8% of all penile 
carcinomas. Papillary carcinomas are 
usually associated with lichen sclerosus. 
They vary in size from small to 14 cm. 
These tumours affect the glans, but other 
sites may be involved {464}. 


Macroscopy 

They are large, cauliflower-like, firm whit- 
ish-grey tumours. The cut surface shows 
a white tumour with a serrated surface. 
The boundaries between tumour and 
stroma are poorly defined. 


Histopathology 

These carcinomas are well-differenti- 
ated hyperkeratotic and papillomatous 
lesions. The papillae are variable and 
complex. Irregular fibrovascular cores 
may be present, but without koilocyto- 
sis. Squamous cells are maturing, with 
minimal to moderate nuclear atypia. The 
interface of tumour and stroma is irregu- 
lar. Cell differentiation is present even 
in deeply invasive tumour foci. Papillary 
carcinoma, NOS, is considered a non- 
HPV-related tumour. Immunostaining for 
p16 is usually negative. HPV detection is 
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Fig. 5.15 Carcinoma cuniculatum. A Same case shown in Fig. 5.14 and 5.16; a parallel cut reveals a complex 
tumour architecture characterized by a labyrinthine burrowing into erectile tissues. B Diagrammatic representation of 


Fig. 5.15A; sinuses and fistulae formations (shown in whitish beige) are emerging in the foreskin. 


Fig. 5.16 Carcinoma cuniculatum. A Well-differentiated endophytic papillomatous tumour with focal surface opening. 


esis KSS 


B Sinus tract or cul-de-sac composed of extremely well-differentiated keratinizing squamous cell carcinoma simulating 


a cyst. 


negative in the majority of the cases stud- 
ied {597 ,1045,2375}. 
Prognosis and predictive factors 

These tumours may recur, but despite in- 
vasion of erectile tissues (present in one 
third to half of all cases), nodal metasta- 
sis and mortality rates are low {460,600, 
1071). 


Adenosquamous carcinoma 


Definition 
Adenosquamous carcinomas are squa- 
carcinomas with mucinous 


mous cell 


A 


and/or glandular features, arising from 
the surface epithelium. 


Synonym 
Mucoepidermoid carcinoma 


Clinical features 

Only 11 cases have been reported {596, 
919,1071, 1308, 1572, 1604, 1813,2346}. 
The clinical features are similar to those 
of usual Squamous cell carcinomas. Pa- 
tient age is about 55-60 years. The pref- 
erentially affected site is the glans, but 
extension to coronal sulcus and foreskin 
is common. Tumour origin may be related 
to misplaced periurethral or metaplastic 
mucinous glands {596,816, 1308, 18 13}. 


B 


Fig. 5.17 Papillary carcinoma, NOS. A This extensive whitish-tan papillomatous tumour covers foreskin, coronal 
sulcus, and glans. B Low-power view reveals a complex papillomatous architecture. 


270 Tumours of the penis 


Fig. 5.148 Adenosquamous carcinoma. A tumour with 
both glandular and squamous features. 


Macroscopy 

Adenosquamous Carcinomas are large, 
granular, whitish-grey, firm tumour mass- 
es. The cut surface shows a white tumour 
with poorly defined limits. 


Histopathology 

Adenosquamous carcinoma is a mixed 
neoplasm with squamous cell carcinoma 
and adenocarcinoma features. These 
features may be separate or (more com- 
monly) intermixed. The glandular com- 
ponent is mucinous and usually minor, 
grouped in one field or intermixed with 
the squamous carcinoma cells. The 
glands are lined by cuboidal or colum- 
nar epithelium. Immunostaining for car- 
cinoembryonic antigen is positive in the 
mucinous component of the tumour. 


Prognosis and predictive factors 

There is limited experience with these 
neoplasms. They recur locally in 0-25% 
of patients {1071}. Inguinal nodal meta- 
static rate ranges from 43% to 50%. The 
mortality rate is low, ranging from 0% to 
14% {1071,2346}. 


Sarcomatoid squamous cell 
carcinoma 


Definition 

Sarcomatoid squamous cell carcinoma 
is an aggressive large tumour predomi- 
nantly composed of spindle cells, with 
at least focal histological or immunohis- 
tochemical evidence of squamous dif- 
ferentiation {1691,2850}. The spindle cell 
component must constitute at least 30% 
of the tumour to qualify for this diagnosis. 


Synonyms 
Carcinosarcoma; spindle cell carcinoma; 
metaplastic carcinoma 


» 


Clinical features 

Sarcomatoid squamous cell carcino- 
mas are unusual tumours accounting for 
1-4% of all carcinomas {453,600, 1071, 
1691}, preferentially affecting the glans 
of patients in the sixth decade of life. 
Identifying tumour location in the glans 
is important because it may be the only 
clue to separate sarcomatoid squamous 
_ cell carcinomas from sarcomas, the lat- 
_ ter usually affecting corpora cavernosa 
at the level of the penile shaft. A history 
of a slowly growing mass with a recent 
rapid enlargement and ulceration is typi- 
cal. Patients may present initially with 
regional and systemic metastases {433}. 
Sarcomatoid squamous cell carcinoma 
arises de novo, usually in association 
with other Squamous tumour types, af- 
ter recurrence of a usual Squamous cell 
carcinoma or secondary to sarcomatoid 
transformation after radiation therapy. 


Macroscopy 

Sarcomatoid squamous cell carcino- 
mas are ulcerative and haemorrhagic 
fungating or polypoid masses. The cut 
‘surface shows a deeply invasive grey or 
dark-reddish necrotic and haemorrhagic 
tumour. 


Histopathology 

Microscopically, there are atypical spin- 
dle cells arranged in fascicles or bun- 
dies, with or without foci of carcinoma, 


0 ee 


sometimes admixed with pleomorphic 
epithelioid or giant cells. The morpho- 
logical features are similar to those of 
fibrosarcoma, leiomyosarcoma, angio- 
sarcoma, fibrous histiocytoma, myxosar- 
coma, rhabdomyosarcoma, malignant 
melanoma, or rhabdoid tumours. Necro- 
sis is prominent. There are numerous mi- 
toses. The tumour has the potential to dif- 
ferentiate into muscle, bone, or cartilage 
(benign or malignant). The presence or 
history of usual Squamous cell carcinoma 
or the presence of associated penile in- 
traepithelial neoplasia in adjacent epithe- 
lium helps to establish the diagnosis of 
sarcomatoid squamous cell carcinoma. 
In our experience, cytokeratin AE1/AE3, 
34BE12, and p63 immunostains are good 
epithelial markers for sarcomatoid squa- 
mous cell carcinomas {2850}. Immuno- 
histochemical stains for various sarco- 
mas and melanoma may be necessary in 
some tumours. 


Prognosis and predictive factors 

Sarcomatoid squamous cell carcinoma 
is the most aggressive of all penile ne- 
oplasms {600}. Adverse pathological 


prognostic factors such as high-grade, 
deep invasion of erectile tissue, vascular 
invasion, and perineural invasion are pre- 
sent. Recurrences occur commonly and 
inguinal metastasis is seen in about 80% 
of cases {433,600,1071}. Mortality varies 
from 45% to 75%, and most patients die 


Fig. 5.19 Sarcomatoid carcinoma. A There i is a biphasic carcinomatous and sarcomatoid spindle cell tumour. B Showing perapan poo io" 
an angiosarcoma. C Pleomorphic and spindle strap-like cells resembling rhabdomyosarcoma, D There are areas of osteoid differentiation. E 
Stain sarcomatoid areas. F Positive nuclear staining with p63. 


from disease within 1 year after diagnosis 
{459}. 


Mixed squamous cell 
carcinoma 


Definition 

Mixed carcinomas contain morphologi- 
cal features typical of two or more vari- 
ants of squamous cell carcinoma (SCC) 
in the same specimen. 


Clinical features 

These tumours affect patients in their 
seventh decade of life and constitute one 
quarter of all penile SCCs. Most tumours 
are located in the glans, but other sites 
may also be involved {1071}. 


Macroscopy 

The tumours are whitish-grey ulcerative 
or exophytic masses replacing the distal 
penis. In some cases, the surface is in- 
tact but there is deep invasion of erectile 
tissues. 


Histopathology 

There is a great variety of tumour mix- 
tures. Most common is that of warty and 
basaloid carcinomas {461}, described 
below as a separate category. Another 
not uncommon mixed pattern is hybrid 
verrucous carcinomas. These tumours 
are more common than classic verrucous 
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Fig. 5.20 Hybrid verrucous carcinoma. Well-differentiated verrucous carcinoma on the left and poorly differentiated 


usual squamous cell carcinoma on the right. 


carcinomas. The distinction is important 
because hybrid verrucous carcinomas 
have a metastatic potential, particularly 
those tumours with a low-grade-high- 
grade combination {1327}. Adenosqua- 
mous carcinomas are described above. 
Several other mixtures are possible. Of 
note is the occasional long-standing 
large condyloma (giant condyloma) with 
malignant transformation in usual SCC. 
Other mixtures are those of an HPV- 
related and non-HPV-related tumour. 
Small cell neuroendocrine carcinomas 
have been identified mixed with usual 
SCC {816}. The complex verruciform 
tumour is challenging to typify. These 
unusual and large low-grade neoplasms 
have features of warty carcinoma, con- 
dyloma, verrucous carcinoma, or papil- 
lary carcinoma in various proportions. 
Instead of such neoplasms being clas- 
sified into a single category, the various 
components should be mentioned. Im- 
munohistochemistry is of little value in 
the classification of these heterogeneous 
neoplasms, although p16 or HPV detec- 
tion may be positive in tumours with focal 
warty or basaloid features. 


Prognosis and predictive factors 
Low-grade (grade | and II) tumours pre- 
dominate, accounting for 75% of all cas- 
es. The corpus spongiosum is commonly 
invaded, but not the corpora cavernosa 
{1071}. Vascular and perineural invasion 
is noted in one quarter of all cases. Re- 
currence occurs in about 20% of cases. 
Regional nodal metastases are rare (oc- 
curring in 9% of cases). The mortality rate 
is low, with only 3% of patients dying of 
cancer-related causes {459}. 


272 Tumours of the penis 


AA, 
ER A ‘YR Th 
HPV-related squamous 
cell carcinomas 


Basaloid squamous carcinoma 


Definition 

Basaloid carcinoma is a solid, aggres- 
sive, HPV-related tumour characterized 
by a downward solid proliferation of 
basophilic cells resembling basal cells 
{601,816, 1045}. 


Clinical features 

The median patient age at presentation 
is in the sixth decade of life. Basaloid 
carcinoma accounts for 5-10% of penile 
carcinomas. It most commonly arises in 
the glans, but cases originating in the 
foreskin have also been reported. In 
developing countries, more than half of 
patients present with regional metastasis 
{601}. 


Macroscopy 

Grossly, basaloid carcinoma presents as 
a flat, ulcerated, irregular mass. The cut 
surface characteristically shows a solid- 
tan, deeply invasive tumour with a pre- 
dominantly endophytic growth pattern. 
Multiple small foci of yellowish necrosis 
within the tumour may be present. 


Histopathology 

There is a downward proliferation of 
closely packed solid nests of basophilic 
cells (solid or with central necrosis), of- 
ten with comedonecrosis-like features. 
Separation artefact may be seen sur- 
rounding tumour nests. The cytoplasm is 
scant and nuclei are basophilic, small to 
medium-sized, and ovoid or round, with 


inconspicuous nucleoli. Mitoses and indi- 
vidual cell necrosis are common. Central 
abrupt keratinization may be present. Pe- 
ripheral palisading is uncommon. Anoth- 
er microscopic pattern is starry sky, due 
to apoptosis and spindle cell features. A 
diffuse and trabecular small cell pattern 
may simulate neuroendocrine carcino- 
mas. Stromal hyalinization, simulating 
basement membrane-like materials, may 
be noted. Vascular invasion is common 
and may involve periurethral lymphatic 
vessels. Basaloid carcinoma is the ar- 
chetype of an HPV-related penile carci- 
noma. The immunostain p16, a surrogate 
for HPV detection, is positive in most cas- 
es {451,597}. HPV16 is the most common 
genotype detected by PCR {598}. 


Prognosis and predictive factors 

These are aggressive tumours character- 
ized by a high histological grade, deep 
invasion into corpora cavernosa, fre- 
quent vascular and perineural invasion, 
and inguinal lymph node metastasis in 
more than half of the cases {600,601, 
622,1071}. Rates of local recurrences 
are high, particularly in patients treated 
with partial penectomy. Mortality var- 
ies from 21% to 67%, depending on the 
completeness of primary treatment or 
the clinical stage at diagnosis (600,601, 
1071}. 


Papillary—basaloid carcinoma 


Definition 

Papillary-basaloid carcinoma is an exo- 
phytic or exoendophytic papillomatous 
HPV-related penile neoplasm composed 
of small basophilic cells resembling 
urothelial tumours. It is a papillary variant 
of basaloid carcinoma {464}. 


Fig. 5.24 Basaloid carcinoma. The cut surface of a 
partial penectomy specimen shows a whitish-grey 
tumour replacing the glans, coronal sulcus, and inner 
surface of the foreskin. 
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g sheets and nests of basaloid tumour. B Dense staining of all tumour cells by p16. 
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Fig. 5.22 Basaloid carcinoma. 


Clinical features 

Papillary-basaloid carcinomas are rare 
neoplasms that affect the glans in males 
in their sixth to seventh decade, with a 
mean patient age of 79 years. 


Macroscopy 
There is a villous exophytic appearance 
atthe surface. 


Histopathology 

‘Non-invasive purely exophytic tumours 
show hyperparakeratosis and papillo- 
matosis. The papillae are condyloma- 
tous with a central fibrovascular core. 
The tumours are composed of uniform 
small basophilic cells. Tumours near 
meatus may be confused with urothe- 
lial neoplasms. Like in other HPV-related 
neoplasms, the immunostain p16 is usu- 
ally strongly positive. HPV16 is the viral 
genotype most commonly detected us- 
ing PCR (15971598). The distinction from 
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Fig.5,23 Papillary—basaloid carcinoma, AT 
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urothelial papillary carcinomas depends 
on GATAS stain or uroplakin, negative in 
papillary-basaloid carcinomas {452}. 


Prognosis and predictive factors 

Prognosis is related to the proportion of 
the invasive basaloid carcinoma compo- 
nent and tumour depth of invasion. In one 
study of 12 cases, the average tumour 
thickness was 7 mm. None of the cases 
invaded the corpora cavernosa, and the 
prognosis was excellent {599}. However, 
invasive tumours in deep erectile tissues 
may be associated with regional metasta- 
sis, as we found in a more recent review 
of 5 more-advanced cases, which were 
predominantly invasive basaloid carcino- 
mas. In this set of patients, the average 
tumour thickness was 19 mm and corpus 
cavernosum was compromised in 80% 
of the cases, resulting in frequent nodal 
spread and a high mortality rate of 80%. 
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Warty carcinoma 


Definition 

Warty carcinoma is an exophytic and 
papillomatous HPV-related tumour re- 
sembling typical condylomas but with 
malignant cytological features. 


Synonym 
Condylomatous carcinoma 


Clinical features 

The median patient age is in the fifth dec- 
ade of life. Warty carcinomas account 
for about 5-10% of all penile carcino- 
mas. They are slow-growing lesions often 
present several years before diagnosis. 
Warty carcinomas involve the glans, cor- 
onal sulcus, and foreskin (816). 


Macroscopy 

The tumours are typically cauliflower-like, 
exophytic large neoplasms. The surface 
has a white to tan, flat cobblestone, mi- 
cronodular to macronodular appearance. 


ae i 
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us or urothelial tumours; the tumour is composed of small 


uniform basaloid cells. B This tumour is papillomatous and invasive; the latter component is similar to basaloid carcinoma. C Dense stainingwith p16. 
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Fig. 5.24 Warty carcinoma. A Micronodular tumour affecting foreskin with partial extension to glans. B Cut surface shows an exophytic papillomatous tumour, compromising foreskin and 
glans. C Diagrammatic representation showing the irregular demarcation of tumour and stroma; condylomatous papillae are surrounded by tan tissue, and the centre is dark. 


Fig, 5.25 Warty carcinoma. A Papillary tumour with hy 
are characteristic. C Immunostaining for p16 stains tumour cells but not the keratinized or hyperkeratotic regions. 


The cut surface is characteristic and 
diagnostic: there is an exophytic pap- 
illomatous multinodular pattern, each 
nodule consisting of a papilla with a dark 
central fibrovascular core surrounded by 
a thick, white to tan tumour rim. Grossly, 
the boundaries of tumour and stroma ap- 
pear well demarcated, but close inspec- 
tion with a magnifying lens shows a jag- 
ged or serrated appearance. Endophytic 
growth may be observed. 


Histopathology 

Long condylomatous papillae with a 
prominent fibrovascular core burrow- 
ing into underlying lamina propria and 
corpus spongiosum are characteristic. 
The tips of the papillae may be spiky 
or blunt and are similar to those of be- 
nign condylomas. Hyperparakeratosis 
and particularly parakeratosis are usual. 
The cells are of moderate differentiation. 
The most conspicuous microscopic find- 
ing is the presence of nuclear pleomor- 
phism and cytoplasmic clear cells of the 
koilocytic type. The interface between 
tumour and stroma is irregular, jagged, 
and rarely broadly based in non-invasive 
variants. Microabscesses can be noted. 
Clear cell features persist in deep inva- 
sive foci. The nuclei are intermediate to 
large, hyperchromatic, and wrinkled, and 
there is binucleation. Individual cell ne- 
crosis is present {602}. Rarely, there is an 
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perparakeratosis 
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endophytic nodular non-invasive growth. 
The p16 immunostain is usually positive 
and useful in the differential diagnosis. 
The stain is usually negative in the super- 
ficial or central clear cell component of 
this tumour and positive in the periphery 
or basal part of the papillae. Comparing 
the value of HPV detection by PCR and 
p 16 for warty carcinoma, we found a con- 
cordance rate of 86% {597}. HPV geno- 
types 16, 18, 33, 35, 52, 56, 70, 6, and 11 
have been detected by PCR {598}. 


Prognosis and predictive factors 

Warty carcinomas are moderately dif- 
ferentiated carcinomas usually invading 
corpus spongiosum or dartos. Perineural 
and vascular invasion are unusual. Local 
recurrence after penectomy occurs in 
10% of cases. There is potential for nodal 
metastasis, present in about 17-18% of 
cases {600,602,107 1}. Systemic dissemi- 
nation is rare, and the mortality rate is low 
(0-9%) {600,602,107 1,1778}. 


Warty-basaloid carcinoma 


Definition 

The warty-basaloid variant of squamous 
cell carcinoma is an HPV-related tumour 
with warty (condylomatous) and basaloid 
features {461}. 


y= 


and pleomorphic koilocytosis. B Wrinkled nuclei, keratinocytes, pleomorphism, and cytoplasmic clearing 


Clinical features 

This tumour belongs to the family of HPV- 
related penile neoplasms. A large penile 
mass involving the glans, coronal sulcus, 
and foreskin is the typical clinical presen- 
tation. Patient age is in the sixth decade 
of life {461,464}. 


Macroscopy 

There is typically a biphasic appear- 
ance: whitish-grey exophytic papilloma- 
tous tumour on the surface and a solid 
whitish-grey to tan mass invading erectile 
tissues. 


Histopathology 

In two thirds of cases, there is a mixed 
exoendophytic tumour with a papil- 
lomatous warty-like surface and a solid 


Fig. 5.26 Warty-basaloid carcinoma. Cut surface 
showing a large neoplasm composed of a papillomatous 
growth on the surface and of a solid and micronodular 
deeply invasive tumour affecting corpus spongiosum. 
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Fig. 5.27 Warty-basaloid carcinoma. A Papillom 


atous growth with superficial invasion of lamina propria ofg 


and darker cell appearance. B Both clear cell warty and basaloid features in the same invasive carcinoma nest. 


basaloid invasive component. In other 
cases, the entire tumour shows both mor- 
phological features intermixed, in both 
the superficial papillary and endophytic 
invasive tumour components. The pre- 
dominance of basophilic cells favours 
classification as a warty-basaloid car- 
cinoma and not a warty carcinoma. Oc- 
casionally there is a non-papillomatous 
tumour with a nested growth pattern. The 
nests are composed of a mixed cell pop- 
ulation, clear cell warty-like in the centre, 
and small cell basaloid in the periphery 
{461}. Immunostaining for p16 is usually 
strongly positive, and HPV16 is the most 
common genotype detected by PCR in 
this tumour {598}. i 


Prognosis and predictive factors 

These are moderately to poorly differen- 
tiated neoplasms with frequent invasion 
of erectile tissues, spongiosa, and caver- 
nosa. Vascular ahd perineural invasion is 
present in 43% of cases and perineural 
invasion in 25% {461}. Warty-basaloid 
carcinomas are more aggressive than 
pure warty carcinomas and exhibit a be- 
haviour closer to that of basaloid carci- 
nomas in terms of metastatic and mortal- 
ity rates. Inguinal nodal metastases are 
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Fig. 5.28 Clea 


mour nests with central necrosis; clear cell cytop! 
case, HPV16 was identified by PCR, C Positive p16 staining in tumour nests; in this case, HPV16 was identified by PCR. 


present in about half of all patients, a 
third of whom will die from disease (461, 
464}. 


Clear cell carcinoma 


Definition 

The clear cell carcinoma variant of squa- 
mous cell carcinoma is an aggressive, 
solid, HPV-related tumour arising in pe- 
nile mucosal tissues and predominantly 
composed of clear cells {1648,2404}. 
ICD-O code 8084/3 
Macroscopy 

They occur as large, whitish-grey, irregu- 
lar masses on the foreskin or glans. 


Histopathology 

The growth pattern is in solid sheets or 
nests. Comedo-like necrosis and geo- 
graphical necrosis are prominent. Cells 
are uniform, with round or irregular cen- 
tral or eccentric nuclei, prominent nu- 
cleoli, and clear cytoplasm {464}. There 
is periodic acid-Schiff-positive intracy- 
toplasmic material. Staining for p16 is 
strongly positive. 
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Prognosis and predictive factors 

These are aggressive, poorly differ- 
entiated carcinomas with deep invasion 
of corpora cavernosa, geographical ne- 
crosis, and comedonecrosis, with fre- 
quent vascular and perineural invasion. 
Regional metastases are present in the 
majority of cases. Tumour-related mortal- 
ity was reported in 20% of the cases. In 
another study, 1 of 3 patients died from 
systemic dissemination {2404}. 


Lymphoeplthelioma-like 
carcinoma 


Definition 

Lymphoepithelioma-like carcinoma is a 
poorly differentiated squamous cell car- 
cinoma resembling lymphoepithelioma- 
like carcinoma of the nasopharynx. 


Clinical features 

These tumours occur in uncircumcised 
50-70-year-old men, with tumours in the 
glans extending into the coronal sulcus 
and foreskin. 


Macroscopy 
Lymphoepithelioma-like carcinomas are 
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Fig. 5.29 Lymphoepithatiome-tke carcinoma. A High-grade invasive tumour; there ara isolated pleomorphic tumour cells carer ‘by an nti stroma. B Poorly 
differentiated cells with prominent nucleoli; there is focal keratinization. C Positive p16 staining highlights the syncytial growth pattern of the tumour. 


exophytic, poorly to well-circumscribed, 
whilish-grey tumour masses mainly af- 
fecting the glans. 


Histopathology 

There is a syncytial growth pattern, with 
irregular sheets, nests, trabeculae, or 
cords within a dense lymphoplasmacytic 
and eosinophilic matrix, which obscures 
tumour cell boundaries. There is minimal 
keratinization, and cells are poorly cohe- 
sive, often isolated from other epithelial 
cells and surrounded and obscured by 
inflammatory cell infiltrate. The immuno- 
histochemical stains useful for the iden- 
tification of such epithelial cells are p63 
and p16, which are usually positive. 


Prognosis and predictive factors 

In the 2 reported cases, several adverse 
pathological factors were present {1870}: 
invasion of erectile tissues, vascular and 
perineural invasion, and high histological 
grade. Metastasis was present in 1 case. 
Both patients underwent surgical treat- 
ment and died from causes other than 
penile cancer. 
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Other rare carcinomas 


There are other rarely diagnosed carci- 
nomas occurring in the penis. Some are 
pure differentiated solid carcinomas with 
medullary features, which can be posi- 
tive for HPV. Desmoplastic variants are 
also noted. Pure neuroendocrine, mixed 
neuroendocrine-squamous, small cell, 
and Merkel cell carcinomas have also 
been reported arising in the mucosal 
compartments of the penis {940,2728, 
3067}. Skin appendage tumours {2053}, 
particularly basal cell carcinoma {975, 
1774,1838} and sebaceous carcinomas 
{2097}, may also affect the penis. Their 
site of origin and clinical involvement 
is the skin of the shaft, given that there 
are no skin appendages in the penile 
mucosal compartments (glans, coronal 
sulcus, and foreskin). Paget disease is 
described with the precancerous lesions. 
Other tumours are described in the skin 
tumour section. 


Fig. 5. 30 Poorly differentiated carcinoma with Pen 
features. A Poorly differentiated solid non-keratinizing 
carcinoma. B Positive p16 staining, HPV16 was found 
by PCR. 
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Precursor lesions 


Penile intraepithelial neoplasia 


Definition 

Penile intraepithelial neoplasia (PelN) 
is an alteration of the penile squamous 
epithelium characterized by dysplastic 
changes with an intact basement mem- 
prane. PelN is a putative precursor of in- 
vasive squamous cell carcinoma (SCC). 


Synonyms 
Squamous intraepithelial lesion; squa- 
mous cell carcinoma in situ; low- and 
high-grade dysplasia; low- and high- 
grade penile intraepithelial neoplasia; 
arythroplasia of Queyrat; Bowen disease 
ICD-O code 8077/2 
Epidemiology 

Like invasive penile SCC, the precursor 
lesions of invasive penile SCC can be 
classified in two main groups: HPV-re- 
lated and non-HPV-related carcinomas 
12848}. For most cases, there is a good 
correlation between the subtype of PelN 
and the associated invasive carcinoma 
{463}. Differentiated PelN is most com- 
monly associated with usual and low- 
grade subtypes of SCC (non-HPV-re- 
lated variants), whereas warty PelN and 
Dasaloid PelN are associated with warty 
or basaloid invasive carcinoma (HPV-re- 
lated variants). This specific association 
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further supports the concept of a bimodal 
pathway of penile carcinogenesis {457}. 


Etiology 

The warty-basaloid variant of PeiN is 
associated with HPV (most commonly 
HPV 16). It has also been linked to im- 
munosuppression {850}. The etiology of 
differentiated PelN is less well under- 
stood. It is usually associated with lichen 
sclerosus and other chronic inflammatory 
conditions. Mutations in the 7P53 gene, 
chronic inflammation, and oxidative 
stress could all play a part. 


Clinical features 

Patient age is usualy between 
40 and 70 years. Lesions may be asymp- 
tomatic or may present with burning or 
itching sensation. Differentiated PelN 
tends to affect the foreskin of older pa- 
tients, whereas warty-basaloid PelN 
preferentially affects the glans of young- 
er patients. The lesion size varies from 
a few millimetres to a few centimetres, 
The lesions are usually solitary and less 
commonly multiple. Differentiated PelN 
is often seen in a background of lichen 
sclerosus and commonly diagnosed ad- 
jacent to usual well-differentiated kerati- 
nizing SCC and other non-HPV-related 
variants. 


Localization 

Differentiated PelN commonly affects 
the foreskin, and warty-basaloid PelN 
tends to affect the glans. However, both 
types may affect any penile anatomical 
compartment. Lesions are multifocal in 
approximately 15% of cases and affect 
different anatomical compartments of the 
penis. 


Macroscopy 

Differentiated PelN usually presents as 
a solitary white or pink macule or plaque 
that may be slightly elevated. The bor- 
ders vary from sharp to irregular. These 
neoplasms most commonly affect the 
foreskin and less commonly the glans 
or coronal sulcus (2058}. Differenti- 
ated PeIN may be found adjacent to an 
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Table 5.03 Pathological classification of penile 


intraepithelial neoplasia (PeiN) 
1. Non-HPV-related PelN 
Differentiated (simplex) PelN 


3. Other rare patterns of PelN 
Pleomorphic 
Spindle 
Clear cell 
_ Pagetoid 


invasive carcinoma in any penile ana- 
tomical compartment. A background of 
long-standing lichen sclerosus is often 
present. 

Warty and basaloid PelN consists of flat 
to slightly elevated, velvety, moist erythe- 
matous, dark brown or black macules, 
papules, or plaques. Lesions may be 
smooth, warty, granular, or villous. The 
contours may be sharply delineated or 
subtle and irregular. Although solitary le- 
sions are most common, multifocality is 
not rare. Multifocal lesions, some show- 
ing differentiated features and others 
showing undifferentiated features, may 
rarely be seen in the same patient {463}. 
Differentiation between the types and 
subtypes of PelN is not always straight- 
forward on gross examination. 


Histopathology 

Differentiated (simplex) PelN is charac- 
terized by a thickened epithelium, usu- 
ally associated with elongated and anas- 
tomosing rete ridges, subtle abnormal 
maturation (enlarged keratinocytes with 
abundant eosinophilic cytoplasm), whor- 
ling and keratin pearl formation (usually 
in deep rete ridges), prominent intercel- 
lular bridges (Spongiosis and sometimes 
acantholysis), and atypical basal layer 
cells (with nuclear enlargement, hyper- 
chromatic nuclei, and prominent nucle- 
oli) {463}. Parakeratosis is common. At 
low power, the atypia seems to be pre- 
sent only in lower levels of the epidermis; 
however, at higher power, it is clearer 
that there is subtle but abnormal matura- 
tion in all levels of the epithelium in the 


Fresurser lesions OT7 


Fig. 5.32 A Differentiated penile intraepithelial neoplasia. This lesion is characterized 
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by a thickened epithelium with elongated rete ridges; note the enlarged keratinocytes with 
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abundant eosinophilic cytoplasm, spongiosis, and atypical basal cells with hyperchromatic nuclei. B Basaloid penile intraepithelial neoplasia. The squamous epithelium is replaced 
by immature, small, monotonous cells with round to oval nuclei and scant cytoplasm; there is prominent apoptosis and mitotic figures. © Warty penile intraepithelial neoplasia. There 
is a slightly undulating surface with atypical parakeratosis, prominent cellular pleomorphism, koilocytosis, and numerous mitoses. D Basaloid penile intraepithelial neoplasia. These 


neoplasias are diffusely positive with p16 immunostain. 


majority of cases. There is a spectrum 
ranging from mostly basal cell atypia (in 
few cases), to obvious atypias in about a 
third to two thirds of the epithelial thick- 
ness (in the majority of cases) and (rare- 
ly) pleomorphic features. Despite the 
subtle changes in some cases, differenti- 
ated PelN may evolve to frank invasive 
carcinoma without showing more signifi- 
cant atypia {463}. We do not grade, but 
it is optional to grade differentiated PelN 
in low- and high-grade categories. This 
lesion appears to be the most common 
precursor lesion of penile invasive carci- 
nomas, particularly the keratinizing and 
well-differentiated variants. A preferen- 
tial association has been seen between 
lichen sclerosus and differentiated PelN 
when compared with warty/basaloid vari- 
ants (463). Given the subtle features, dif- 
ferentiated PelN may be difficult to dis- 
tinguish from reactive conditions such 
as squamous hyperplasia, pSseudoepi- 
theliomatous hyperplasia, lichen simplex 
chronicus, and lichen sclerosus with 
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hyperplastic epithelium. Differentiated 
PelN is usually negative for HPV. 


Basaloid (undifferentiated) penile 
intraepithelial neoplasia 

There is a thin parakeratotic layer; full- 
thickness replacement of the squamous 
epithelium by immature, small, monoto- 
nous, basophilic cells with round to oval 
nuclei; inconspicuous nucleoli; and scant 
cytoplasm {463}. Apoptosis and mitotic 
figures are prominent. Spindle, polyhe- 
dral, or pleomorphic cells can occasion- 
ally be noted. HPV is usually positive for 
genotype 16. 


Warty (Bowenold) penile 

intraepithelial neoplasia 

This variant is characterized by a slightly 
spiking papillomatous surface with atypi- 
cal parakeratosis. There is prominent 
cellular pleomorphism, koilocytosis (i.e. 
multinucleation, nuclei with irregular con- 
tours, perinuclear halo, and dyskerato- 
sis), and mitoses {463}. Unlike in basa- 
loid PelN, there is squamous maturation 


in warty PeIN. HPV is usually positive, but 
unlike in basaloid PelN, the genotypes 
are heterogeneous. 


Warty-basalord penile intraepithelial 
neoplasia 

In this variant, there is a variable mixture 
of warty and basaloid cells. These mixed 
lesions tend to have a spiking surface 
with koilocytic changes, whereas the low- 
er half of the epithelium is predominantly 
composed of small basaloid cells. HPV 
is usually positive. Most warty PelNs and 
basaloid PelNs fall within the high-grade 
category. Full-thickness atypia of the epi- 
thelium constitutes carcinoma in situ, and 
such lesions are easily diagnosed. A low- 
grade lesion with condylomatous fea- 
tures is most likely a benign condyloma 
related to low-risk HPV. Rarely, a condy- 
loma with a higher degree of atypia may 
be associated with high-risk HPV. 


Other rare patterns 
There are other unusual, less well char- 
acterized microscopic patterns of PelN, 


m 


such as spindle, pleomorphic, clear cell, 
and pagetoid {73}. In rare cases, differ- 
entiated and warty-basaloid PelN may 
be identified in the same specimen. 


Immunophenotype 

The use of a triple p16/p53/Ki-67 immu- 
nohistochemical panelhas been found to 
be helpful in the classification of penile 
intraepithelial lesions. Squamous hyper- 
plasia tends to be negative for p16 and 
p53, with variable Ki-67 positivity. Dif- 
ferentiated PelN is negative for p16 and 
positive for Ki-67, with variable p53 posi- 
tivity. Basaloid PelN and warty PelN are 
positive for p16 and Ki-67, with variable 
p53 positivity {457}. 


Genetic profile 

There are few studies of the genetic 
profile of penile precancerous lesions. 
A recent molecular evaluation of HPV in 
subtypes of PelN found that most differ- 
entiated PelNs are HPV-negative, and 
that the majority of basaloid, warty, and 
warty—basaloid PelNs are HPV-positive. 
Each lesion corresponded to a single 
‘HPV genotype. HPV16 was the most 
common genotype present in basaloid 
and warty-basaloid PelNs. There was a 
heterogeneous spectrum of various gen- 
otypes in warty PelIN {850}. 


Prognosis and predictive factors 
The proportion of lesions that evolve to 
invasive carcinoma is unknown. 


Extramammary Paget disease 


Velazquez E.F. 


Definition 

Extramammary Paget disease is a rare, 
slow-growing, usually non-invasive in- 
traepithelial adenocarcinoma affecting 
the penile skin or mucosal surface. 
ICD-O code 8542/3 
Epidemiology 

Most patients are in the sixth or seventh 
decade of life. Extramammary Paget 


disease affecting the penis can be clas- 
sified as primary or secondary. Primary 
Paget disease can be confined to the 
epidermis or may be associated with an 
underlying sweat gland adenocarcinoma 
{1158,1749,1912}. Dermal invasion can 
also be seen. Secondary Paget disease 
usually represents an extension from a 
urethral, bladder, or penile carcinoma 
{1879,2726]. 


Etiology 

The precursor cell of origin in extra- 
mammary Paget disease not associ- 
ated with an underlying carcinoma is not 
known with certainty. Pluripotent germi- 
native cells in the epidermis and adnexal 
structures have been hypothesized as 
potential precursors. Some studies sug- 
gest that Toker cell hyperplasia is a pre- 
cursor to primary extramammary Paget 
disease {1133}. 


Clinical features 

The condition presents as pink to red 
weeping and erosive plaques with scal- 
ing, showing sharp or poorly defined 
borders. The lesions may affect a broad 
area, including the pubic region, scro- 
tum, and penis. Early lesions may be 
confused with an eczematous process. 


Localization 

Primary Paget disease usually affects 
the penis as an extension from a scro- 
tal, inguinal, perineal, or perianal lesion. 
Primary extramammary Paget disease 
exclusively affecting the penis is excep- 
tionally rare. Secondary extramammary 
Paget disease most commonly affects 
the perimeatal region of the glans (1879, 
2726}. 


Histopathology 

Microscopically, within a hyperplastic 
squamous epithelium, there is an in- 
traepithelial proliferation of large atypical 
cells with abundant pale cytoplasm and 
vesicular nuclei with prominent nucleoli 
that may form glandular lumina and may 
extend down the epithelium of adnexal 
structures, The neoplastic cells may con- 
tain melanin. The differential diagnosis 
includes penile intraepithelial neoplasia / 


squamous cell carcinoma in situ (SCCIS) 
with pagetoid pattern, pagetoid exten- 
sion at the periphery of an invasive SCC, 
secondary extension from urothelial and 
anal/rectal carcinomas, melanoma in 
situ, clear cell papulosis, pagetoid dys- 
keratosis, and mucinous metaplasia 
{2793,2794}. Primary extramammary Pa- 
get disease is usually positive for mucins 
{1531}. The neoplastic cells in primary ex- 
tramammary Paget disease are positive 
with immunostains for carcinoembryonic 
antigen (CEA), low—molecular weight cy- 
tokeratins (particularly CK7 and CAM5.2), 
epithelial membrane antigen, MUC1, and 
GCDFP15, and negative for CK20, p63, 
and CDX2 {438,1647,2551}. Secondary 
Paget disease~associated with urothe- 
lial carcinoma usually expresses CK20, 
CK7, and uroplakin Ill, and is negative 
for CEA {356,655}. Paget disease sec- 
ondary to anal/rectal carcinomas usu- 
ally expresses CK20, CEA, and CDX2, 
and shows a variable (more commonly 
negative) expression of CK7. GCDFP15 
is negative is such cases (3065]. Rarely, 
penile intraepithelial neoplasia may ex- 
hibit a pagetoid growth pattern closely 
resembling that seen in Paget disease 
{73}. SCCs in situ are usually negative 
for mucicarmine, CEA, GCDFP15, CK7, 
and CK20, and positive for high-molecu- 
lar weight cytokeratins and p63. The ex- 
pression of CK7 does not exclude SCC 
in situ; in fact, it now appears that CK7 is 
positive in such lesions more often than 
was previously thought. The lack of ex- 
pression of melanocytic markers (Such 
as S100 and melan A) in Paget disease 
(both primary and secondary) facilitates 
its distinction from melanoma in situ. 


Prognosis and predictive factors 

In situ lesions have a favourable progno- 
sis when completely excised. The prog- 
nosis is more serious for cases in which 
Paget cells invade the dermis from the 
epidermis or from an underlying sweat 
gland carcinoma {1912}. The prognosis 
of secondary Paget disease is related to 
the tumour of origin. 
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Melanocytic lesions 


Definition 

- Melanocytic lesions include naevus and 
melanoma, which involve the penis and 
urethral meatus. Only melanoma is de- 
scribed further. 


Epidemiology 

Primary penile and meatus (urethral) mel- 
anomas are rare, with about 220 cases 
described in the literature. They account 
for < 0.1% of all melanomas. The median 
patient age is 65 years, with a range of 
13-88 years {2140}. 


Clinical features 

Penile melanomas may be cutaneous or 
mucosal, and present as black, blue, or 
reddish-brown papules or plaques with 
irregular shapes, which may be ulcer- 
ated (in about 39% of cases) or focally 


depigmented, or may bleed {2140}. Mel- 
anosis and lentiginosis are difficult to 
differentiate from melanoma clinically; 
therefore, histological confirmation is es- 
sential for the diagnosis of a pigmented 
lesion. 


Localization 

The most common site is glans penis 
(63%), followed by meatus and corona. 
Foreskin cases may also occur. 


Histopathology 

Penile melanomas that have an atypical 
junctional melanocytic proliferation, or 
melanoma in situ, are invasive in lamina 
propria, dartos, Corpus spongiosum, or 
corpora cavernosa {2140}. Most melano- 
mas are epithelioid, but may show spin- 
dle cell change. S100 protein, human 


Mesenchymal tumours 


Definition 

Penile mesenchymal! tumours are non- 
epithelial, non-haematopoietic tumours 
of a wide variety of histological types oc- 
curring in the penis. They are mostly of 
mesenchymal origin, but neurogenic tu- 
mours are generally of neuroectodermal 
origin (although by convention are often 
grouped with mesenchymal tumours). 


ICD-O codes 
Benign turnours 


Benign fibrous histiocytoma 8830/0 
Glomus tumour 8711/0 
Granular cell tumour 9580/0 
Haemangioma 9120/0 
Juvenile xanthogranuloma 
Leiomyoma 8890/0 
Lymphangioma 9170/0 
Myointimoma 9137/0 
Benign nerve sheath tumours 
Neurofibroma 9540/0 
Schwannoma 9560/0 
280 Turnours of the 4 


Malignant tumours (including tumours 
of uncertain malignant potential, 
marked with #) 


Angiosarcoma 9120/3 
Clear cell sarcoma 9044/3 
Dermatofibrosarcoma 

protuberans* 8832/3 
Epithelioid 

haemangioendothelioma 9133/3 
Epithelioid sarcoma 8804/3 
Ewing sarcoma 9364/3 
Giant cell fibroblastoma* 8834/1 
Kaposi sarcoma 9140/3 
Leiomyosarcoma 8890/3 
Malignant peripheral nerve 

sheath tumour 9540/3 
Myxofibrosarcoma 8811/3 
Undifferentiated pleomorphic 

sarcoma 8802/3 
Osteosarcoma, extraskeletal 9180/3 
Rhabdomyosarcoma 8900/3 
Synovial sarcoma 9040/3 
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melanoma black 45, and melan A im- 
munohistochemical stains are positive in 
melanoma cells. 


Genetic profile 

BRAF and KIT mutations have frequently 
been reported in cutaneous melanomas, 
but rarely in penile melanomas {2106}. 


Prognosis and predictive factors 
Breslow thickness is a predictor of recur- 
rence, particularly if associated with a 
high mitotic rate and ulceration {908}. T1/ 
T2 lesions (< 2.01 mm in thickness) have 
relatively good prognosis. Tumour thick- 
ness of > 3.5 mm, presence of ulceration 
and microsatellites, and tumour diameter 
> 15 mm are associated with adverse 
prognosis {2140}. Treatment is similar to 
that for cutaneous melanoma. 


Miettinen M. 


Epidemiology 

Mesenchymal tumours are rare in the pe- 
nis and have been estimated to account 
for only 5% of all penile tumours {1398}. 
California Cancer Registry data indicate 
that the relative prevalence of Kaposi 
sarcoma markedly decreased in recent 
years, from 7.4% of all penile tumours in 
the 1988-1995 data to 1.7% inthe 1995- 
2004 data {2977}. United States Armed 
Forces Institute of Pathology (AFIP) 
data for 1970-1999 (Table 5.04, p. 281) 
showed that Kaposi sarcoma and leio- 
myosarcoma were the most common pe- 
nile malignant mesenchymal tumours. An 
earlier AFIP series of 46 cases predating 
the AIDS epidemic identified angiomas, 
benign neurogenic tumours, leiomyo- 
mas, and benign fibrous histiocytoma 
as the most common benign tumours, 
accounting for 50%, 33%, 13%, and 
4%, respectively, of the benign tumours 
in the series. Sarcomas were a more 


— 


, 


1eterogeneous group, including vascular 
ancl smooth muscle tumours among the 
nost common types {672}. Tumours oc- 
curring at a young age include giant cell 
ibroblastoma, rhabdomyosarcoma, epi- 
thelioid sarcoma, and Ewing sarcoma. 
<aposi sarcoma has a wide age spec- 
trum in the adult population, whereas 
eiomyosarcoma and most other sarco- 
mas occur in middle-aged and older age 
* groups. Besides the known associations 
‘of Kaposi sarcoma with HHV8 and HIV/ 
AIDS-associated immunocompromised 
status, data on specific external etiologi- 
cal factors are scant. However, radiation- 
associated penile angiosarcoma has 
been reported {2243}. 


Clinical features 

Most benign and malignant penile mes- 
enchymal tumours manifest as a non- 
tender asymptomatic mass {672,864}. 
Symptomatic tumours include mostly 
deep tumours that are painful, such as 
synovial sarcoma {2429}, and those that 
compromise urinary flow by location. Oc- 
casional deep tumours are associated 
with priapism {1818]. Epithelioid sarco- 
ma can simulate Peyronie disease when 
involving the dorsal penile fascia {2364}. 


Localization 

Most penile mesenchymal tumours are 
associated with the cutaneous and sub- 
cutaneous structures located outside 
the penile fascia. Kaposi sarcoma and 
myointinoma have a predilection for the 
glans penis. Leiomyosarcomas, syno- 
vial sarcomas, epithelioid sarcomas, and 
Ewing sarcomas may involve the corpus 
cavernosum (1747,2429}. Most schwan- 
nomas occur on the dorsal side of the 
shaft inside the deep fascia, associated 
with the dorsal nerve {2653}. 


Macroscopy 

Vascular tumours often form erythema- 
tous to bluish lesions, which may be rela- 
tively flat or nodular. Llymphangioma may 
form a translucent mass that is unifocal 
(lymphangioma circumscriptum) or more 
diffuse (usual lymphangioma). Kaposi 
sarcoma lesions vary from patches and 
Plaque-like lesions to nodules, which 
are often purplish and commonly multi- 
ple. Epithelioid haemangioendothelioma 
has been reported to form multiple vio- 
laceous plaque-like lesions on the penile 
shaft and glans [2935]. Neurofibromas 
Vary from cutaneous nodules or polypoid 


Table 5.04 Soft tissue tumours of the penis: United States Armed Forces Institute of Pathology (AFIP) data for 116 
cases (1970-1999) 


lesions to those that more diffusely in- 
volve the skin and subcutis, particularly 
in neurofibromatosis patients. They may 
be well circumscribed and even encap- 
sulated when intraneural, composed of 
rubbery whitish tissue. Plexiform variants 
also occur in the penis. Schwannomas 
usually form sharply demarcated nod- 
ules. Granular cell tumour may be poorly 
circumscribed and the lesional tissue is 
often yellowish {1590}. 


Histopathology 


Angiosarcoma is recognized as an atypi- 
cal vascular endothelial proliferation 
showing various degrees of vasoforma- 
tion. Mitotic activity, endothelial multilay- 
ering, and lack of vascular pericytes are 
usually evident. Immunophenotypically, 
angiosarcoma is positive for CD31 and 
ERG, positive or negative for CD34, and 
negative for HHV. 


Dermatofibrosarcoma protuberans is a 
spindle cell lesion typically involving the 
dermis and subcutis, with permeative 


growth in the fat. There is often a storiform 
pattern, and uniform CD34 positivity is 
characteristic, Giant cell fibroblastoma is 
a related lesion typically seen in children. 
It contains multinucleated giant cells and 
often pseudovascular spaces, with a less 
conspicuous spindle cell component, but 
it may coexist with fully developed der- 
matofibrosarcoma protuberans. 


Epithelioid haemangioma is a distinctive 
vascular tumour often containing an ar- 
tery segment associated with epithelial 
endothelial proliferation. Occurrence of 
vessels with epithelioid endothelia is a 
typical feature. Many lesions also con- 
tain lymphoid reaction with eosinophilia. 
Some variants contain partly solid en- 
dothelial proliferations. These variants 
should be distinguished from angiosar- 
coma, because their biological potential 
appears to be limited to local recurrence, 
although follow-up data are limited {863}. 


Epithelioid haemangioendothelioma_ is 
composed of sheets and trabeculae of 
epithelioid, poorly vasoformative cells, 
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but well-formed vascular channels lined by plump epithelioid endothelial cells; a lymphocytic and eosinophilic inflammatory infiltrate is present. D Neurofibroma of the penis. 
E Granular cell tumour of the penis. This example was associated with prominent pseudoepitheliomatous hyperplasia of the epidermis. F Granular cell tumour of the penis. The 
neoplastic cells are strongly immunoreactive for 8100 protein. G Myointimoma of the penis. This unusual process appears to originate from the vascular intima. H Kaposi sarcoma 
of the penis (nodular stage). Note the slit-like vascular spaces and the presence of grape-like clusters of hyaline globules. | Epithelioid sarcoma of the penis. Note the presence of 
plump epithelioid tumour cells with eosinophilic cytoplasm; these cells often have a so-called open chromatin pattern, with a small but distinct central nucleolus; a garland growth 


pattern is often evident at low magnification. 
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often with a myxohyaline matrix and 
sometimes involving walls of veins. The 
tumour cells have an endothelial phe- 
notype similar to that of angiosarcoma. 
Epithelioid sarcoma is recognized as a 
malignant epithelioid proliferation, often 
with a nested pattern with central ne- 
crotic zones. Immunophenotypic posi- 
tivity for cytokeratin and epithelial mem- 
brane antigen, and negativity for p63, 
CK5/6, and SMARCB1 (also called INI1) 
is diagnostic. 


Glomus tumour is composed of epithe- 
lioid cells with eosinophilic cytoplasm 
set in a perivascular pattern. Mitotic ac- 
tivity and atypia are very limited in typi- 
cal cases. The immunohistochemical 
profile includes positive smooth muscle 
actin and heavy caldesmon, positive or 
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negative CD34, and negative desmin 
and cytokeratin. 


Granular cell tumour is composed of 
large $100-positive epithelioid cells 
with a prominently granular cytoplasm. 
Mucosa-associated lesions may be ac- 
companied by pseudoepitheliomatous 
squamous cell hyperplasia. 


Haemangiomas are composed of capil- 
laries of various calibres, and the most 
superficial lesions extending into the epi- 
dermis are called angiokeratoma. Lymph- 
angiomas are vascular proliferations that 
feature vascular spaces lined by attenu- 
ated endothelia and flaccid contours. 
Vascular lumina may contain proteina- 
ceous fluid and lymphocytes. 


Juvenile xanthogranuloma usually forms 
a small dermal papule composed of 
ovoid to epithelioid histiocytoid cells, 
often containing multinucleated Touton 
giant cells with a ring-like arrangement 
of nuclei and admixed with eosinophilic 
granulocytes. Immunophenotypically, 
juvenile xanthogranuloma is positive for 
CD68 and CD163, negative for CDta, 
and either positive or negative for 5100. 
Kaposi sarcoma as a fully developed le- 
sion is typically a haemorrhagic spindle 
cell proliferation, which often contains 
cytoplasmic eosinophilic globules. Early 
lesions can resemble haemangioma Or 
lymphangioma but are typically associ- 
ated with a lymphoplasmacytic reac- 
tion and may show protrusion of spindle 
cells into vascular lumina (the so-called 
promontory sign). Expression of the en- 
dothelial markers CD34, CD31, and ERG, 


rr 


and nuclear HHV8 immunoreactivity are 
diagnostic. 


Leiomyoma is a spindle cell neoplasm 
composed of cells with variably eosino- 
philic cytoplasm and blunt-ended nuclei. 
Leiomyosarcoma contains, in addition, 
significant nuclear atypia and mitotic 
activity. Immunophenotypically, these 

tumours are positive for smooth muscle 
"actin and myosin. In most cases, they are 
negative for heavy caldesmon and posi- 
tive for desmin. 


Malignant peripheral nerve sheath tu- 
mour is a sarcoma typically composed 
of spindle cells with a fibrosarcoma-like 
pattern, often showing a perivascular- 
spearing pattern, with necrosis. Immu- 
nophenotypically, these tumours are 
only variably positive for S100/SOX10, 
and their recognition is essentially based 
on an association with pre-existing neu- 
rofibroma, often in patients with neurofi- 
bromatosis type 1. 


Myointimoma is highly distinctive, fea- 
turing intravascular myofibroblastic 
proliferation involving multiple vascular 
profiles. It typically occurs in the glans. 
The myofibroblasts are uniform, with rare 
mitotic activity. Immunohistochemical 
findings are positivity for smooth muscle 
actin and negativity for desmin and CD34 
{862,1845}. 


Benign nerve sheath tumours include 
neurofibromas composed of an ad- 
mixture of spindled Schwann cells and 


fibroblasts, with occasional axons and 
perineurial cells sometimes present. 
Some tumours are multinodular with 
plexiform architecture. The immunophe- 
notype includes positivity for $100/ 
SOX10 and CD34 in some components, 
with occasional neurofilament-positive 
axons. Schwannoma is composed of a 
pure spindled Schwann cell population, 
which often displays nuclear palisading, 
The cell population is uniformly positive 
for S100/SOX10, with few (if any) CD34- 
positive fibroblasts. The plexiform variety 
has been reported in the penis {1660}. 


Rhabdomyosarcomas are usually of the 
embryonal type and occur in young chil- 
dren {108}, but adult spindle cell rhab- 
domyosarcoma has also been reported 
{1872}. Embryonal rhabdomyosarcoma 
is distinctive for its content of differentiat- 
ed rhabdomyoblasts and undifferentiat- 
ed round cells. In both instances, tumour 
cells demonstrate cytoplasmic positivity 
for desmin and nuclear positivity for at 
least one of the myogenic determination 
markers MyoD1 or myogenin. 


Undifferentiated pleomorphic sarcoma 
and myxofibrosarcomas form a spec- 
trum (formerly called malignant fibrous 
histiocytomas). These tumours are com- 
posed of variably spindled, pleomor- 
phic, or sometimes focally epithelioid 
cells with variable mitotic activity. There 
are no specific markers for this tumour 
type, which requires diagnosis by ex- 
clusion. The most important differential 
diagnostic entities to be ruled out by 


immunohistochemistry include  sarco- 
matoid squamous cell carcinoma (posi- 
tive for cytokeratin, CK5/6, and p63) and 
melanoma (positive for S100/SOX10). 

Isolated cases of other sarcomas, such 
as clear cell sarcoma of tendons and 
aponeuroses, Ewing sarcoma, and syno- 
vial sarcoma have also been reported. 


Genetic profile 

Tumour-specific fusion translocations oc- 
cur in neoplasms including dermatofibro- 
sarcoma protuberans (COL1A1-PDGF 
fusion), Ewing sarcoma (EWSR1-FL11 fu- 
sion), and synovial sarcoma (SS18-SSX1 
or SS18-SSX2 fusion). Epithelioid sarco- 
ma is associated with loss of SMARCB1 
(also called INI1). The tumour syndromes 
involved in pathogenesis include neu- 
rofibromatosis type 1 (for neurofibroma 
and malignant peripheral nerve sheath 
tumour). It has been estimated that < 1% 
of patients with neurofibromatosis type 1 
have penile neurofibromas {1504}. 


Prognosis and predictive factors 
Benign and intermediate risk tumours can 
recur locally, but they do not metastasize. 
Small and superficial sarcomas are often 
treatable and tend to have a good prog- 
nosis. Sarcomas involving deeper tissue 
and the root of penis (the best-known are 
leiomyosarcomas) have a poorer prog- 
nosis and may require radical surgery 
as a Curative attempt. The prognosis of 
Kaposi sarcoma is largely related to the 
underlying condition, such as HIV/AIDS. 
Prognostic data for rarer tumour types in 
this location are insufficient. 
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Penile lymphomas 


Definition 

‘Penile lymphomas are lymphomas of the 
penile skin, subcutis, corpora cavernosa, 
and spongiosum. Lymphomas of the ure- 
thra are counted among urinary tract lym- 
phomas. Primary penile lymphomas are 
not preceded or accompanied by other 
lymphoma manifestations. 


ICD-O codes 

The ICD-O codes of the respective enti- 
ties are listed in the volume WHO classifi- 
cation of tumours of haematopoietic and 
lymphoid tissues {2658}. 


Epidemiology 

About 50 primary penile lymphomas have 
been described {522,963,1016,1120, 
1391, 1434, 1682,2710,2727,2904,3013}. 
Penile lymphomas constitute 2% of pe- 
nile cancers and 2-4% of urogenital lym- 
phomas {2447}. Reported patient ages at 
manifestation range from 4 to 91 years, 
with a mean patient age of 52 years; 80% 
of patients are aged > 60 years {522,672, 
1559, 2938}. 


Etiology 

No specific etiology of primary penile 
lymphomas is known. Post-traumatic oc- 
currence {212} appears to be incidental. 
The cells of origin are presumably the 
same as those of lymphomas elsewhere. 


Clinical features 
Painless or painful nodules (941,1391, 
2597}, swelling of the glans {941}, and/or 
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Fig, 5.34 Marginal zone lymphoma o 


diffuse enlargement of the penis {2597, 
2896}, with or without ulceration {1391, 
2597}, may occur. Priapism {1016,2896} 
is more common than erectile dysfunc- 
tion {522}. Urinary retention {522}, ure- 
thral stricture {1391,1395}, dysuria, hae- 
maturia (1434}, and B symptoms {2896} 
are rare. 


Localization 

The most common site is on the shaft, ac- 
counting for > 50% of cases {963, 1120}. 
The penile root and scrotum are rarely 
involved {2929}. 


Macroscopy 

Penile lymphomas are single or multiple, 
eventually ulcerated, sharply or poorly 
delineated, soft or firm nodules with di- 
ameters up to 12 cm {2076,2929}. They 
are grey or reddish. Cystic cut surfaces 
{522} are more common than indurated 
plaques {2597}, erythema, and diffuse 
swelling {1395}. Lymphadenopathy and 
testicular enlargement may accompany 
secondary penile lymphoma {2597}. 


Histopathology 

Skin and subcutis {522} are more often 
infiltrated than are corpora cavernosa 
and spongiosum {117,401,406,2904}. 


Diffuse large B-cell lymphoma is the 
most common primary penile lymphoma 
{406,522}, all others are rare: extranodal 
marginal zone B-cell lymphoma of mu- 
cosa-associated lymphoid tissue origin 
plasmablastic 


{963,1120}, lymphoma 


fthe penis. A High-power view ofa marginal zone lymphoma of the penile foreskin showing a plasma cell-rich dermal infiltrate. In situ 


Marx A. 


(EBV-associated) {2639}, T-cell-rich 
B-cell lymphoma {2232}, ALK1-nega- 
tive anaplastic large cell lymphomas 
(1850,2727}, mycosis fungoides {505, 
2710}, adult T-cell leukaemia/lymphoma 
(HTLV-1-associated) {2695}, unspecified 
peripheral T-cell lymphoma, and poorly 
defined other lymphomas (587,2904) 
(including one with an NK/T-cell pheno- 
type {3013}). Only one case of primary 
Hodgkin lymphoma has been reported 
{2213}. Secondary penile involvement 
has occurred in chronic lymphocylic 
leukaemia {2227}, mantle cell lymphoma 
{1874}, intravascular large B-cell lym- 
phoma (2896}, Burkitt lymphoma {1582}, 
lymphomatoid papulosis (1606), and 
ALK1-positive anaplastic large cell Ilym- 
phoma {384}. The immunophenotypes of 
penile lymphomas are the same as those 
of analogous lymphomas elsewhere 
{2658}. A summary of haematolymhoid 
neoplasms involving the genitourinary 
tract is presented in Table 4.07, p. 241. 


Prognosis and predictive factors 

In a recent review that documented a 
maximum follow-up time of 6 years, 36% 
of patients with primary penile diffuse 
large B-cell lymphoma died with refracto- 
ry or recurrent disease after chemothera- 
py or radiation (522,1016}. The progno- 
sis was even poorer in T-cell lymphomas 
{587,2447} but was favourable in penile 
extranodal marginal zone B-cell lympho- 
mas of mucosa-associated lymphoid tis- 
sue origin {963,1120}. 


hybridization shows kappa light chain expression in a minority of plasma cells (B) and lambda tight chain expression in the majority of plasma cells (C). 
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Definition Table 5.05 Primary sites of origin of reported cases of metastasis to the penis 


Secondary tumours of the penis are 
' non-penile neoplasms (either epithelial 
or non-epithelial) that involve the penis 
through metastasis from another site. 


ICD-O codes : 
The behaviour code /6 (malignant, meta- z 127 (29.1) 
static site) is included in the ICD-O codes | 

of the primary tumours (p. 260), | 11 (2.5) 
Synonym . 

Metastatic tumour to the penis Urethra 

Epidemiology Seminal vesicle 

Incidence 

Metastasis to the penis is rare; 529 cases 74 (16.9) 


have been reported [447,789]. 


Primary sites of origin 

The primary sites of origin are listed in 
Table 5.05. The most common sites are 
in the genitourinary system and gastroin- 
testinal tract, but virtually any metastatic 
tumour, including melanomas and sarco- 
mas, can metastasize to the penis {400, | 
1389, 1470, 1536, 1558, 1678, 1741,1921, Upper airway 
2066,2160,2179,2193,2348,2800,3093]. 
Among genitourinary tumours, prostate 
carcinoma (particularly ductal carcino- 
ma) is the most common source of me- 
tastasis to the penis {789}, followed by Total 437 92 
bladder and renal cell carcinomas. The Ts 
most common sources of metastasis to 
the penis from the gastrointestinal tract 
are colorectal cancers. 


Fig. 5.35 Metastatic prostatic adenosquamous 
carcinoma. There are multiple nodules of white tumour 
In corpora cavernosa. 


o ~ 


Fig. 5.36 Metastatic prostatic adenocarcinoma. The tumour has features of ductal carcinoma. 
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Clinical features 

Most patients are in the middle to later 
years of life. Priapism, asyrnptomatic 
tumour mass, ulceration, and pain are 
usual signs. Priapism has been observed 
in about half of all cases. It correlates 
with metasiasis to tte corpora cavernosa 
{1145, 1278,2030,2066} Occasionally, 
penile metastasis may be the first mani- 
fastalion of an occult primary site (1145). 


Localization 

Metastatic tumour may involve any penile 
epithelial compartment, glans, sulcus, 
foreskin, corpora, and shaft. Corpora 
cavernosa are most commonly affected. 
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Macroscopy 

Gross features are non-specific. Typical- 
ly, tumours replacing corpora cavernosa 
show a diffuse lirm induration of the en- 
tire shaft, and the glans may be soft and 
uninvolved beyond the tunica albuginea. 


Histopathology 

The histopathological appearance is 
related to the features of the primary 
tumour. Clinical data, involvement of 
corpora cavernosa, and lack of resem- 
blance to penile carcinomas facilitate 
the diagnosis. Metastatic tumours may 
simulate primary carcinomas, particu- 
larly adenosquamous prostatic and blad- 
der urothelial carcinomas. Adenosqua- 
mous prostatic carcinomas are positive 


for prostate-specific antigen, and blad- 
der urothelial carcinomas are positive 
for urothelial markers such as uroplakin 
and GATA3 |789,1645]. Renal cell car- 
cinomas may be difficult to distinguish 
from penile clear cell carcinoma. Renal 
carcinoma markers are positive in kid- 
ney primaries, and p16 positivity or HPV 
detection is typical of penile clear cell 
carcinomas. 


Prognosis and predictive factors 

The prognosis is dismal, with most pa- 
tients dying of disease in a short interval. 
In one series, patients had a median sur- 
vival of 18 months from primary tumour 
surgery and 5 months from the diagnosis 
of penile metastasis {447}. 
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t(11;22)(p13:q12) 251, 256 

t(11;22)(q24:q12) 62, 251 

t(12;15)(p13;q25) 57 

TACC3 92, 94 

TBX2 102 

TBX3 102 

TCEB1 16, 17 

T-cell leukaemia/lymphoma 284 

T-cell lymphoma 128, 178, 186, 240-242, 284 

T component 84, 85 

Teratoma 72, 75, 179, 186, 191-196, 198, 
201, 202, 205, 209, 211-215, 217, 
221-225 

Teratoma, postpubertal-type 186, 211 

Teratoma, prepubertal-type 186, 221, 222, 
224, 225 

Teratoma with a secondary malignant 
component 213 

Teratoma with malignant transformation 213 

Teratoma with somatic-type malignancy 186, 
213 

TERT 28,89,93,98, 102, 118 

Testicular germ cell tumours 189 

Testicular intraepithelial neoplasia 199 

TFAP2C 202 

TFE3 33, 34, 66, 125 

TFE3-rearranged pigmented perivascular 

epithelioid cell tumours 33 

TFEB 33, 34 

TGCTs See Testicular germ cell tumours 

Thrombomodulin 87, 89, 92, 148, 248 

Thyroid-like follicular renal cell carcinoma 16 

TLE! 61 

T lymphoblastic leukemia/lymphoma 241 

TMPRSS2-ERG gene fusion 141, 150, 156, 

159, 161, 167, 173 

TMPRSS2-ETV1 fusion 156 

TMPRSS2-ETV4 fusion 156 

TNFRSF25 98 

TP53 98 

TP63 92 

TPH 198 

Transitional cell carcinoma 81, 168 

Trisomy 7 16, 17, 25, 43, 109 

Trisomy 18 49 

Trophoblastic differentiation 88 

Trophoblastic malignant teratoma 209 

Trophoblastic tumours 186, 209 

TSC1 15, 65, 93, 94, 102 

TSC2 15, 64-66 

TSC2/PKD1 64, 65 

TSPY 191, 201, 236, 237 

TSPYLT 5237 

Tuberin 65 

Tuberous sclerosis 15-17, 21, 

62-66, 125 

Tubulocystic carcinoma 22 

Tubulocystic renal cell carcinoma 12, 38 

Tubulopapillary renal cell carcinoma 23, 40 

Tumour containing both germ cell and sex 
cord-stromal elements 186, 236 


Tumours in the fibroma—thecoma group 186, 
233, 234 

Tumours in vesical diverticula 132 

Tumours of a single histological type (pure 

forms) 186, 203 

Tumours of collecting ducts and rete testis 

186, 244 

Tumours of paratesticular structures 186, 246 

TUSC1 95 

t(X;1)(p11.2:q21) 34 

t(X;17)(p11.2;q25) 34 

t(X:18)(p11.2/q11.2) 61 

Type | germ cell tumour of the testis 221, 

223, 225 

Type || germ cell tumour of the testis 189 

Type Ill germ cell tumour 219 

Tyrosinase 125 


U 
UGT1A6 95 
Unclassified renal cell carcinoma 41 
Unclassified sex cord-stromal tumour 186, 
234, 235 
Undifferentiated malignant teratoma 205 
Undifferentiated pleomorphic sarcoma 
136, 177, 260, 283 
Urachal carcinoma 78, 113 
Urethral accessory gland carcinoma 84, 129, 
264 
Urethral gland carcinoma 84, 129, 264 
Uroplakin 87, 89, 98, 116, 273, 279, 286 
Uroplakin Il 87, 89 
Uroplakin Ill 89, 279 
Urothelial carcinoma 81, 136, 168 
Urothelial carcinoma in situ 78, 99, 100, 133 
Urothelial carcinoma with divergent 
differentiation 87 
Urothelial dysplasia 78, 106 
Urothelial papilloma 78, 104 
Urothelial proliferation of uncertain malignant 
potential 78, 105 
Urothelial tumours of the urethra 78, 133 
Usual carcinoma 262, 265, 266 
UTX 20 


V 

V600E mutation 46 

VASA 236 

Vascular endothelial growth factor 20, 31, 
97, 250 

VEGF 20 

Verrucous carcinoma 78, 110, 260, 268 

VHL 15, 18-22, 24, 35, 67, 102, 250 

Villous adenoma 78, 112 

von Hippel—Lindau protein 15, 20 

von Hippel-Lindau syndrome 15, 18, 19, 21, 
40, 67, 248-250 


Ww 

WAGR syndrome 48, 49, 52, 237 
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99mTc-MDP 
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COG 
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DNA 
EBV 
FDG 
FDG-PET 
FISH 
G-banding 
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HHV8 
HIV 
HPV 
HPV 16 
HPV 18 
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mRNA 
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NK cell 
NOS 
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RNA 
RT-PCR 
SDH 
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Acquired immunodeficiency syndrome 
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Human immunodeficiency virus 

Human papillomavirus 
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Reverse transcriptase polymerase chain reaction 
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Single nucleotide polymorphism 
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United States of America 

B-subunit of human chorionic gonadotropin 
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